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THE 

PREFACE. 

NCE the invention of gunpowder. 



provements, and many have been the books 
wrote upon this fubje<a, which might incline 
one to think, that it was arrived to its utmofl 
perfection ; but upon an impartial furvey of 
moft of the writers, it will be found, if I 
miftakc not, that many of them are deficient 
either ifl theory or praftice, and others blind- 
ed by prejudice, fo that there is much room 
left to exercife the genius and -excite the in- 
duftry of thofe whofe bufinefs leads them to 
this ftudy ; befides, as the art of attaglcing re- 
ceived feveral improvements in the late wars, 
it Ihould follow that the art of fprtifying re- 
quires likewife improvements in proportion. 

Not a few authors have procecdecl upon 
maxims, fome of which are uncertain, others 
trifling, and they have often negleilcd thofe 
which are felf-evident : this together with their 
adopting fome fevourite fcheme has retarded 
its progrefs. 

Particular care fhould be taken, in tracing 

plans on - paper, in order to know whether 

A 3 they 
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they are pra<Sicable or not J which has been 
negledled by many, even by feme of thofe who, 
are generally efteemed the bell: ijvriters. 

Some think it fufficjent, that they make 
fchemes with a great many outworks upon out- 
works, fo as thefe works defend each orhcr J 
without conlidering whether the town thus 
furrounded is fpacious enough to hold, beiides 
the inhabitants, a garrifon fufficient to defend 
it : or the expence it would require to main- 
tain them, and l!kewife the necelTary ftores : 
it is true they never fail to tell you that they 
have Ibme fecret, which enables them to huilA^ 
for half the coft that others do. 

Notwithftanding the art of fortifying irre- 
gular places IS mod ufeful, yet no author 
whom I know has given the leaft hint or di- 
reftion whereby to judge of the advantage or 
difadyantage of the feveral parts of fuch a 
place: all they have done conlifts in giving 
fome fchemes of their own fancy, and telling 
us no work ought to be made without being 
defended by fomeotherj not conGdering, that 
although the parts defend each other, there. 
may be fome which are much ftronger than 
others. 

For the true art confifls in making an irre- 
gular fortification every where ecjually flrong, 
6 which 
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which they fcemeH to be ignorant >Df, or if 
they knew it, they could not diilinguifh the 
ftrong from the weak. 

The commentators on M. Vaubari% me- 
thods, who are fo lavifli in his praifes, do 
not mention any thing of his way of forti- 
fying irregular places ; although he under- 
ftood it better than any one, as appears by 
a great many examples of this kind j neither 
has any of them fhewn why he made always 
the exterior fide next to a river much longer 
than any other, as may be feen in the plans of 
Hunningen, and Sarrelouis; yet it is unque- 
ftionahle that a man of fo much experience 
had fome very-good reafons for what he did. 

The very fame miftake is made with re- 
gard to M. C(^e&orn, by thofe who praife him 
to the fkies, on account of his treatife which 
he publiftied before he had acquired that 
great experience, fjr which he was fo juftly 
efteemed in his latter years ; and it is an un- 
doubted proof that he himfelf was of the 
fame opinion afterwards, fince he did not 
ufe any of the methods publifhed in his book, 
when he fortified Bergen-op-zoom and part of 
Manheim : had he left us in writing that 
knowledge which he acquired by his great 
experience, it would have undoubtedly been 
A 4 worthy 
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PREFACE. 
worthy of fo great a man, and would have 

■ perfcdly juftified the high opinion the world 
conceived of him. 

It will not be improper to mention Da-^ 
niel Specie, who publiflied a book of fortifi^ 
cation in the year 1589 at Strafiourg in the 
German language/ which M. Coebom has 
chiefly followed, as may be feen hy compar- 
ing their .works ; and Dilicbiusj who pub-, 
Jifhcd his Peribologia in the year 1640, at 
Frankfort on the Matrix in German and Latin, 
was followed ' by M. Fau&an ; lince there is 
nothing in this author, befides his concave 
flanks, but what is to be found in the other. 

Thefe two German authors were undoubt-i 
edly the bed in their times, and as it were 
the fountains from which the prefent me- 
thods are derived : the fevv improvements 
made iince are fufficient proofs of their (kill, 
and at the fame time of the barrenncfs of in- 
'vcntipn pf thofe fince. 

As M. Fauban's methods are now moft in 
vogue, and chiefly ufed all over Eur-ope j we 
thought it would not be improper to explain 
them firfl:, and after his, thpfe of M. Cae- 

' born, which are next in cfteem ; and thea 
lay down ibme principles, whereby the ad- 
yantage or diladvantage of a fortification may 
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be known; after this, we have examined 
their methods in each part feparately, and 
pointed out their leveral deficiencies, and af- 
terwards have given feme of the fame works 
with proper corre<£tions. 

Then we propofe three different methods, 
which we hope arc not altogether to tie dc- 
fpifed, and which we think might be ufcd 
according to the different fituations and im- 
portance of places : this with the conftruiSions 
of fome of the moft celebrated apthors, and 
their examination, finiihes the regular part 
of fortification. 

We begin the irregular, by flicwing how a 
place, that cannot be made regular, may be 
made fo^as one half may be fimilar and equal 
to the other half; then we enquire which part 
of fuch a fortification is ftrongeft and which 
is weakeft ; thefe principles, which are de- 
monftrahJe, ferve to judge of the weakcft 
and ftrongeft part of any irregular fortifica- 
tion whatfoever ; and for a ferther confirma- 
tion of the truth of them, we refer the reader 
to feveral places in Flanders fortified by the 
grcateft mafters, and which agree cxadtly 
ivith what we advanced. 

As the greateft ftrength of this, and all ma- 
ritime nalione, confifts in tcaific, and as forti- 
fied 
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fie'd places which lie near rivers, lakes, creiefcsj,' 
or the fea, chiefly ferve to pcotedl and promote 
trade, we have dwelled u|»on and explained 
their conftru<fti6n8 in a more particular man- 
ner, and nothing has been omitted that could 
be thought of, which might ^ny ways contri- 
bute to" the right underftanding this fubjeiS. 

Several examples are given, in order to 
fliew, how and in what manner the reader 
may proceed, if he finds himfelf employed 
in the conftrudion of fuch placjss; the fe- 
veral advantages and difadvantages of their 
fituations are carefully examined, and thofc 
■yi^hich require leaft expence to fortify, and 
are mofl: convenient in other refpeifts, are 
diftinguiihed j for a further explanation we 
have examined feveral fea-port towns, andi 
pointed out thofe which deferv? to be imita- 
ted, and others, which Ihould be avoided;, 
the plan of I'ouhn with its harbour is in- 
ferted, as being one of the bcft in Europe : 
lafl;Iy, we have given the principal conditions 
required in the conftruftior^ of fuch places. 
Having thus far explained the feveral parts of 
irregular fortification, we proceed to fhe\y 
how citadels are to bejolned to places.and the 
faults committed in ioTti^ of the fineft in Eu.~ 
rape are pointed out; the work concludes with 

the 
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the manner of building forts, where particu- 
lar notice has been taken of the methods ge- 
nerally followed in the building of fuch 
worics, near rivers and the fea, and fhewn 
their ill confequcnces : as this fubjei!t is very 
important to this nation, oji account of the 
many forts we have and daily build, fo we 
have endeavoured to point out rfie moft pro- 
per maniier, in which they ihould be made. 

The prefent undertaking contains the the- 
OTctical part 9f fortification only, that which 
relates to the pradjice has been treated in 
another. volume;; fo that the whole together 
makes a compleit treaiife of fortificationt 
containing all the moft material principle? 
neceflary to an B.nglijh engineer- I may 
venture Jo fay, that whoeyer reads it with pro- 
per attention, will find no endeavours have 
teen wanting to explain every thing tHat is 
neceflary in as ftiort a compafs as was poflible. 

In this edition, particular care has beeri 
taken to enlarge the explanations of the 
fonftrudions and remarks wherever it was 
thought neceflary, in order to ^<:.t every thing 
in as clear a light as we could : for nothing 
elfe fcem^d to be wanting to compleat the 
>vork. 

• THE 
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TRE-ATISE 

CONTAINING 

The Elementary Part 

OF 

FORTIFICATION. 

S EC T, I. 

' . Of PraBical Geometry. . . 

DeF X NITIONS. 

I. TT^XTENSION i$ diftinguifhed into PJateA. 

f^^ lengtbt bnadthf aod thkknefs^ which 
are called dimenfions. 

2. A Kne has onljrlength, as AB. 

3. The terms or bounds -of a line are called 
•points^ ^iid have no dimenfions. 

4- A Jurface has length and breadth only,' 
^s C. ■ 

The bounds of a forfitce are lines. 

B 5- A 
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THE ELEMENTS 

5- AjS/y has length, breadth, and thick- 
nefs, as p. 

The bounds of k Iblid are furfeccs* 

6i A rigbt-iine is the fliorteft that can t>e 
drawn from one point to another. 

7. -Parallel., lines are thofe which are every 
where equidiftant, although produced ad inji- 
nitumt as AB, CD. 

%.h plane furface is thaj which lies 
evenly between its bounds, and agrees with a 
'right line placed on it according to any pofi- 
tion. 

9. The opening of two lines, which meet 
each' other in a point, is called an angle^ 
•as A. '''. : - ' ■ ■' ■ ■ 

N. B. An angle . is generally expreffed by 
three letters, as ABC, with the letter exprefs- 
ing the angular point in the middle. 

10. If a line CD meets another line AB, 
fo that the angleS CDA, CDB, are equal j 
that line CD, is iaid to be perpendicular to the 
other AB. 

And the equal angles CDA, CDB,' arc 
called righi angles. 

But if the line is oblique, as DE, thVgreat 
?ft angle EDA, is called an okufe angle > an- 
the Icall EDB, an acitte angle. ■ " "' 
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11. A plane fiirface terminated by three 
Hght lines, is called a p/ahe trianglk '* ' " 

12. When the three fides of a triangle ar« 
fcqual, it is ckUeS -in egQi/aierdl tridngTet^&'C. 

13. When only tWd fides are cqual> an 
ijqfceles iridfi'gle, zs A. 

" 14. When the three ifides are unequal, a 
Jcakne trianght as B. ■ -. - 

\^^ When one angle of a triangle is a 
right ingle, it is called a righi-sngkd triangle^ 
as'D." ■■'■'-'■ ■ : ■ ■ ■- ■; ■■ 

16. Any one fide of a triangle inay be 
called the bafey and the angular ^biiit oppofitd 
to the bale, is called the wr^eic.' = ■ ' 

17, In a right-angled trianglcj the fide op- 
Jjofite tp the ri^ht angle, is "called the'iSyj>?i 
theni^e^. .■'■'■ * ^ . 

. 18. A plane of four fides, is called in ge- 
heral a ^uadrilattral figure. 

\(j\ A quadrilateral,' \9hofe four fides are 
equ^ as well as the four angles, is 'called \ 
Jquare, as A* 

20. If the four angles are equal, a>nd onl^ 
the oppofite fides a feBaiigte^ as B. ' 

21. If ' the oppofite angles are oflly tfijualj 
and the oppofite fides a pare^etograrh,- as C. 

M2. A plane figure of above four fided, is 
called in general a /c^'i^'w.^ ^' 

' ■ • ' - ."■ Bi ■■ 43.. A 
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23. A circle is a pkne figure bounded by 
one continued line ABC called the circum- 
ference, vi^x^ch. is every where equally diftant 

from a point O within the circle, called the 
center. 

24. Any line, as AO, drawn from the cen- 
ter to the circumference, is called a radius. 

25. Any line, as AB, terminating in a circle, 
it called a chord, which divides the circle into 
two parts, ABC, ADB, called 7e^m^»/'j j the 
parts of the circumference, terminated by the 
chord, are called arcs, and when the chord 
pafTes through the center, it is called a diame- 
ter, and divides the circle into two equal parts, 
called Jemicircks. ■ 

26. Any part of the circle, as AOB, ter- 
minated by two radii and an arc, is called a 

feaor, 

27. The meafare of an angle is the arc de- 
fcribed from the angular point as center with 
any radius, and terminated by the lines which 
form the angle. 

28. A line AT, which touches a circle in 
one point A oily,. is called a tangent; and the 
point At where it touches, the point of ««- 
iaSi. ■ . 

" 29. The line CT drawn from the center 

iind terminated hv *^^ tahg,ent, is called the 

fecant 
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Jecant of the arc AM, as AT is called its tan' 
gent, and the perpendicular PM to the radius 
CA the/«f, CP the cofint, and AP the verfed 

^ne of that arc, or of the arc BM, its fupple- 
ment to a femi-circle. 

30. A polygon is called regular, when all 
its fides are equal as well as all its angles; and 
irregular, when they are unequal. 

31. A polygon is faid to be infcribed in a 
circle, when all its angles touch the circum- 
ference; and circumfcribed about a circle, 
when all its fides touch the circle. 

Polygons are diftinguiihed by the number 
of their fide^ viz. 



5 Pentagon. 

6 ^xagon. 

7 Eptagon. 

8 Oaagon. 



9 Enneagon.i 

10 Decagon. 

1 1 i^ndecagon. 

1 2 Dodecagon, 



Problems ufeful.in Fortification, 

1 . 7i7 iranjo a line, through a given point C, 
perpendiadar to another line AB. 

From the given point C as center, defcribe 

an arc with any radius fo as to meet the line 

AB, in two points E,F, and from thcfe points 

as centerG, defcribe two arcs with the fame 

B 3 radius. 
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-radius, {q ^s to interfeia: each other at Pjifea 
,.the Jioft.draw^ through this interfedtion ,ani;i 
. the. gjven. point C will be the perpendicular 

required. ,_,_, -. , 

I.. 2. 'J^o4raw a Uae, ffirj^i^ a given point t, 
\ purifUel to another lin? hB- ;._J, :.;; j. 

From the giyeti pcopt C a? center, 4^fcr^e 
; an arc fo as to tpuch th^e line A]?,_ and from 
- any point E . in AB &s center^ t^e^crihe pother 
.. ^c.with the iame radius ; tjipn; ^hc line drawn 
through the !giVcn point Cj fo as to touch tiiis, 
,. arc, wiU.be the parallel. fequjred., 

3. To divide a given line AB,» i^io any ntitn- 
her of equal part Sy as Jive. 
■ Through the extremity A draw a line AC 
at'pleafurc io as to make any angle with AB, 
^nd throii_gh the other extremity B, ' draw 
•BD parallel to AC: ,'thcnif from the point A 
towards C, there be fet off as many equal 
parts ;lefs' one. , of ahy, length, on" AC, ; as the 
Jine AB is to be divided into, and the fame 
thing be done on the line BD ; Ihe linei 
which join the oppofite points will "dividi 
, tji? line AB into the delired number of equa 

V^^h , ., ,,:,..,; ... _'_ ,_ \ . 

. . ,.^.To divide a ^iven afigle A,CB into two equt 

Froi 
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Frdm the angular point C as center, de- 
fcribe an arc with any radius, meeting the legs 
of the angle at A,B: from thefe points as cen- 
ters, defcribe two arcs with the fame radius, 
fo as to interfeil each other at D';" then the 
line drawn through this interfeflibn and the 
angular point C, will bifedt the gtveh'ahgle. 

5. 'To draifM line CA.,Jb as to make an angle 
ACB, "witb a given line CB, e^uat to a 'given 

^ From the points C, c, as centers, defcribe- 
two arcs with the fame radius taken at plea- 
fure : make the arc AB equal to the arc a b j 
and the Ijhe drawn through the points C, A, 
. will make the angle required. 
' . N, i. Mathematicians fuppofe the circum- 
ference of. a .circle to be divided into 360 
. equal parts called degrees, each degree diyi.d- 
ed into 60 equal parts called minutes, as like- 
wiie each minute into 60 equal parts called 
fcconds. 

Thefe diviilons are generally marked .on a 
brafs femi-circle or a redanguTar piece of 
.iyory, -called protraftor, and ferve either to 
ineaftoc {my angle by, or to lay down any 
angle on paper, 

. Hence a quadrant or the meafures of a 

right angle is 90 degrees, as being the fourth 

. , B.4 ' part 
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part of the circumference ; a femi-circle of 
the meafureof two right angles i8o; and be- 
caufc the three angles of a triangle being equal 
to two right ones, each of the angles of an 
equilateral triangle^ is one third of i8o; that 
is, 60 degrees, or the fixth part of the whole 
circumference. 

6. To bifeB a fiTie AB, by a perpendicular 
to it. 

From the extremitie« A, B, as centers, de- 
fcribe arcs on both fides of that fine, with any 
radius, fo as to interfe£t each other at D, and 
E } then the line DF will be perpendiculir 
to and bifed: AB. 

7. To ^rfcrihe the circumference of a circle^ 
through three given points A, B, C. 

Join thefc points by two lines AB, BCj 
bifeft thefe lines by the perpendiculars DO, 
EO i then their interferon O, will be the 
center of the circle dciired. -J. 

8. To infcribe afquare tn a circle. 

Draw the diameter AB, to which draw the 
diameter CD perpendicular j then the lines 
joining the extremities of thefc diameters will 
be the fquare ABCD required. 

If the quadrant AC be bifeaed in E, the 
chord AE or EC will be the fide of an o£la- 
gon, infcribed in the circle. - 

9. Ta 
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p. To infcrihe a pentagon' or a decagon, pi a 
circit. 

Draw the radius DC at right anglcg .tp the 
diameter AB, bifeft AC in E, and from the 
point E as center, dcfcribe an arc through 
the point D -meeting the ianaettr AB in F, 
draw DF j then will DF be the fide of die 
pentagon, and CF that of the detagon in-' 
Icribed in the circle: 

10. To infcrihe an exagon in a circle. , 
Take the radius AO and carry jt round the 

circunaference, and you will have the exagon 
required. 

If 'the arc AB be bifefted at D, the chord 
of the arc AD or DB* will be the iide of a 
dodecagon infcribed in the circle. 

N, B. The eptagon, cnneagon, and onde- 
cagon, calnoot be geometrically infcribed in a 
circle; for which reafon we Ihall give mecha- 
nical conftruftions of them, which are fuffi- 
ciently exatft for pradtice. . 

1 1, 31? injcribe an eptagon in a circle. 
From any point A iti the circomference as 

center, defcribe an arc through the center O, 
meeting the circumference in B and C; draw 
CB and the radius AOj then the half BD or 
DC of BC will be the fide of an cp'tagoa 
nearly. 

12. ta 



.■i>, Google 



-" TH.E 3LEM^-NTS .. \ 

J 2. To mferiiejan enneagon in a virde. \ 

Carry the radius from. A to B, and.,divide 
■ the^rc AB into three equal parts, l>y repeated 
-trials; and let, A a,-ba'two'thirds of ABj then 
'the chord A a, will, be, the fide of ihe enn^a- 
<!gon- exai3:ly, if Aa is exadly.t^o. thirds of 
AB. 

i^.,Toinf£r4ie-tm-9JZ^ecagm.in a circle. . 

Draw the radius CD, perpendicular to the 

diameterABj from J:h& extremity B as center, 

defcfibcan arc- through the point D, meeting 

' the diameter -in E» atE ercd a perpendicular 

EF, to the diameter, or draw EF parallel to 

• CD, meeting'the circumference in Fj then if 

*■ the -arc AF be biftacdiin- G, the chord of 

AG or GF-v^IUm theifideof.the oudeCagon 

" Tcquired. 

• -14. -To infcr'the a- polygonJn actrckt Jo that 
' ityfiies-jh4ll he^ofa given Jengtb. 

infcfibe a firfiilar polygon, that is, one of 
the fame number of fides, in«]y circle by the 
foregoing -preblem?;. and let ^^B be one of 

■ thofc fides, -which- produce to C fo as BC be 

■ eqaal to the givep fide, and draw CD parallel 

■ to'the radius' GB-, till it meets- the radius OA 
prodiJced at D; then 0]>will be Uie radiui 

■ of the circle retjuired, 

Xhi 
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Tt'ftis'firoblejn is eafier fblV6d by ineans of 

's£ fe'abr/in'thi^iriartner. On *hc inner edge 

i$ a line njarked polygon, whofe numbers an- 

jVer iffditi' ^fquare or 'pehtagdn to a Sodeca- 

"gOnj yoiitike the length of the fide of the 

'^blygon "Which is to" be Jnfcrib6d in a circle, 

l5etween^the"pbihtg"Df your eortipafs ; ^md fet 

one point upon the number of -the- fides on 

the fedtor, and open the feftor fo as the other 

point of the conipafs meets the fame nutfibcr 

on the other leg' of the !fefl:or j then keeping 

the 'fedor'thus 'open^-you take the iopening 

from 6 -to 6 on the-ftdor between the points 

of your c6tk)f)arsi and that will be the radius 

pf tiie plfcle 'wanted. . 

iDepinitjons. 

'The angle ABC made by any two conti- 
guous fides of a 'polygon, is called the ang/e of 
(Se polygon i and' the angle AOB made by two 
fadii "drawn 'to the extremities of the fame 
fide^of'a'pcflygcn, js called the 'angk (f the 
fenter. * 

The an^e or the cfefeter of a fegtilar poly- 
gon' i5-fbmtdi4)y^ividmg 360 degrees by the 
number of the fides : thus 360 divided by .5 
gives 72 degrees for the angle of the center 
' ~ of 
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THE ELEMENTS, 
of a pentagon j and 360 divided by 6 gives 
60 degrees for the angle of the center of an 
exagoa. 

But the angle of the polygon is found by 
fubtrafting the angle of the center from 1 80 
degrees; thus 180 — 72=: 108 dcgreee in 
the pentagon; and 180 — 60 = I20 degrees 
in the exagon. 



Polygon. 


Ang. Center. 


Ang. Polygon. 
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Of the meafures and fcaks ufid in 
Fortification, 

The Prench make ufc of a mcarure called a 
totfey which is fix feet, and therefore, is what 
we call A fathom here in England. 

The hutcbt and moll of the Germani, 
make ufe of the Rbinland rod^ which is 12 
Rhinland feet. 

. The French royal foot is to the Englijb 
foot, as 1 1 4 to 1 07,. or as 1 6 to J 5 nearly, in ^ 
fmaller numbers. 

The Rhinland foot is to the French foot, 
as 1033 to 1068, or as 29 to 30 nearly, ia 
fmaller numbers ; and therefore, half the 
Rhinland rod is to a French toifc, as 29 lo 30 
nearly4 

As wc propofed to give Mr. Vauhan^s con- 
ftruftions, with thofe of the moft celebrated 
authors of that nation,. we {hall.ufe the word 
tc»fes in this work, as being ntore convenient 
for underitanding their methods than that of 
fathom; the valuation of, the FrfatA intoEwg-- 
UJb meafure, may be eaiily made by the pro- 
portion given above. 

When a plan of a fortification is to be 
drawn, which is to be executed, it will be 
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ironVenient to have a fcale divided into equal 
parts} as. for e^an^Ip, an incih divided iatA 
20, 25, 30, 35, 40, 45, 50, 55, 60: then that 
of 40 to an inch i» to be. ufed- in this cafe, in 
order to exprefs tvery. part, dift^nftly, wjiieh 
cannot ib w&U be done upon a fmaller one. 

When a pl?.n is to be drawn upon any othei* 
occafion, any other fcale w^ill do, which may 
b,e greater, or lefs, fliCCOrding as it is thought 
moll convenient. . ' 

The profiles are generally dfawn uppn a 
fcale of thirty feet to an inch ; becaufe they 
are to exprefs the heights of the diiFerent 
parts, wJjich cannot, fo yfeU be done upon a 

■If 9, fcale reftdy divjded cannot be had, or 
' fuch 3 one as may be wanted upon : a parti-: 
cuiar occafion, there muft, be one made ort 
ftrong paper, by the help of the third pro- 
blem. 

Colours ufid m the drmoings of Forti^ 
ficatims. 

It js neceflary to ute cpjpurs in the dray^-- 
ings of plans aiul profiles of a fortification, iii 
prder to diftinguifli every particular part, ^nd 
Separate, as it were, the one from the other, 

2 ^ . ■ '■ ' Gt 
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fb as to liiakd their difference more fenfible. 
The manner of ufing ctdours^ is called colour^ 

The fifft ahd' moft neceflary thing required 
in drawing, is Indian ink ; for it ferves> in 
drawing the lines, to cxprefe hills or fifing 
grounds, and in ihort* for all what is called- 
{hading in drawings. 

There are fix different forts of colours, ge- 
nerally ufed id thefe fcirtds of drawings, viz. 
carmine, verdegreqfey fap-green^ gum-boucht m-, 
digOt and umber. ^ 

The heft fort of Indian ink is of a bluLtb 
black, foft, and eafily reduced into a liqui^i 
free froni fand or gravel j it is fold in flicks 
at various prices, according to its goodnel^.an4 
quantity. 

The manner of liquefying it, is by putting 
a little clear water into a ihell or tea-^op, and 
tubbing it gently till the water is Mack, and 
of a confidence much like common ink; whei^ 
it is ufed for drawing lines, it mud be made 
very black, though not too thick, otherwife 
it will, not eafily flow out of the drawing pen; 
but when it is for fhading, it mufl be pale, lo 
as to go over the fame Ihade feveral timei^ 
which will make it look much finer and io&er 
than if it was done at once. ,,; j 

Carmine 
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Carmine is in powder, and the fineft red 
we know of; it fcrves for colouring the fec- 
tlons of mafonry, tlie pbins of houfes, and 
other ^buildings ; as likewife their elevations, 
but is then made of a paler colour. 

This colour is alfo ufed for drawing red 
lines -ia plans,, to reprefent walls: it is very 
dear, being generally a guinea an ounce, but 
a little goes ^ great way. 

The verdegreafe ufecf in drawings, which is 
commonly called fea-green, is liquid, and fold 
in little vials at a fmall price; it ferves to co- 
lour wet ditches, rivers, feas, and in general 
to reprefent all watery places. 

Sap-green is in ftbne, of a yellowilli green, 
when liquefied with clear vraterj but when it 
is mixt with fome fea-green, ^t makes a fine 
grafs green ; as all mixt colours are liable to 
fade, 'if'venfm'i can be had, it will be much, 
better; £ip-greeh is very cheap, for a trifle, 
one may have as much as will ferve a great 
while. ' , ■, 

Gum-bouch, is a fine yellow in ftones, and 
very reafonable ; it ferves to colour all pro- 
jeifts of works j as likewife to diftinguifli the 
works unfiniflied from.thofe that are fo. It 
ferves alfo to colour the trenches of an at- 
tack, 

Thl» 
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This colour is prepared, by taking water' 
in a hair pencil, and rubbing it gently, then 
putting it in a fhell, and this is repeated till 
the 'colour is as ftrong as is neceflary. 

Indigo is in fmall cakes* and very cheap j 
it ferves to colour iron and roofs of buildings, 
which are covered with flates : it muft he well 
ground upon a fmooth ftone or glafs,^ and then 
mixt with a little gum- water. 

If the ,fea-green is too pale, by mixing a 
little indigo with it, it will make a fine bluiih 
colour. 

Umber is a yellowifli brown colour in pow- 
der ; when it is mixt with gum-water, it 
Jerves to colour dry ditches, fand, and all things 
of earth. By mixing a Uttle red ink with it, 
it will alfo make .a wood colour. If fome to- 
bacco leaves are fteept'in clear v/ater for fame 
hours, and filtered through a woollen cloth, 
or brown paper, with a little red ink mixt in 
it, it makes the befl; earth or wood colour, as 
lying fmoother than any other. 

In drawiag encampments, it is neceflary to 
have a fine blue, to reprefent the colour of' 
blue c\Q\h\ fmalt, fold in fhells at. a fmall 
price, is very good for that purpofe, or elfe 
Prujihn blue, well ground and mixt with a 
little gum-water. 

C ' Cum- 
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Gum-water is beft when it is made fome . 
time before it is ufed ; for which reafon, 
take fome gum-arabic, and fteep it in clear 
water for fome hours till it is diflblved j 
then ftrain it through a woollen cloth or 
brown paper, and preferve it in a vial, well 
flopped, that no dirt can come into it, till it 
is wanted. 



S E C T I O N II. 

0/ regular Fortification, 

Fortification, is the art of incloling towns 
with works in fuch a manner, as that a 
fnlall number of men may refill, for fome time, 
a confiderable army. 

The attack of a place, is the art of making 
and conducing all the different works in a 
fiege, in order to become mafter of the place. 

And the defence of a place, is the art 
of defending a town befieged, with all the 
advantages that the fortification will admit 
of. 

, The art of fortification may be diftinguiihed 
into two parts, viz. the elementary or theore- 
tical, and praftical. 

4 ^ The 



■ i>, Google 



OF F-ORtlFICATiON. , 19 

the elementary part confifts in tracing the 
plans and profiles of a fortification on paper, 
with fcalcs and cornpafles ; ,and to examine 
the fyftems propofed by diiferent authors, 
in order to difcover their advantages and dif- 
ad vantages. 

And the practical part confifts in forming 
a proje£l of a fortification, according to th« 
nature of the ground and other necefiary cir- 
cumftances, to trace it on the ground, and to 
execute the projeft, together with all the mi- 
litary buildings, fuch as magazines, ftorehoufes* 
bridges, &Ci 

It is the elementary part which We propofe 
to treat of in this work, referving the other 
for a fecond volume, which we fliall divide , 
into regular and irregular fortification ; but 
before we enter any ferther upon the fubjeft, 
it will not be difagreeable to beginners to fay 
fomething coticerning the rife and progrefs of 
fortification^ 

The origin and rife of fortification is un- 
doubtedly owing to the degeneracy of man- 
kind J for in the firft ages of the world, men 
were difperfed up and down the countries in 
feparate families, as we are told In the hifto- 
ries of the Jews and Scythians, who wandered 
from one place to another for the fake of find- 
C 2 ing 
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ing pafturc for their cattle. Thefe families 
became in time fo numerous as to forih large 
communities, which fettled altogether in a 
place J from whence villages and towns had 
their origin and rife ; but they found it was 
neceffary, for the common fecurity, to fur- 
round thofe towns with walls and ditches, 
to prevent all violences, and fudden furprizes 
from their neighbours. This was fufficient 
for feme time, till ofFenfive weapons were 
invented, and conquering became a fafhlon,; 
then walls with loop-holes were made at pro- 
pec diftances, in order to fcreen the' defenders 
againft the arrows of the affailants j but find- 
ing tliat as fooii as the enemy got once clofe 
to the walls, they could from no part be dif- 
covered or repulfed ; for this reafon they 
added fquare towers at proper diftances from 
each other, fo that every part of the wall 
might be defended by the adjacent fides of the 
towers. However, this manner of inclofing 
of towns was found to be imperfetS, becaufe 
there remained ftill one of the faces of the 
towers which fronted, the field that could not 
be feen from any other part, and therefore 
could not be defended. To remedy this, 
they made the towers round inftead of fquare, 
imagining this figure to be the flrongeft to refift 

the 
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the battering engines, as like wife to be better 
defended from the other parts of the wall. 

Notwithftanding the fuperiority of this 
method above the former, there remained yet 
a part of thefe towers unfeen and uncapable 
to be defended ; which made them change 
the figure of the towers again ; that is, they 
made them fquares as before ; but inftead of 
prefentiitg a face to the field as formerly, 
they prefented an angle ; by this means they 
eiFedually found out fuch a difpofition of 
their works, that no part could be attacked 
■without being feen or defended by fome other 
part. 

This laft method was in ufe a long while, 
and would in all appearance have continued ' 
to this day, if 'gunpowder had not been found 
^ out :, but the violence of the guns and mor- 
tars foon convinced the world, that fuch 
towers and walls were but a weak defence 
againft thefe thundering engines; and befides, 
as the nature of the attack was entirely chang- 
ed, it was ajfo neceffary to change that of for- 
tifying likewife. 

From that time, ramparts were added to 

the walls, the towers enlarged into baftions, 

and all forts of outworks have been added, 

fuch as ravelins, counterguards, horn and 

C 3 crown- 



.■i>, Google 



THE ELEMENTS 

crown- works, and others of the like nature, 
in order to render the defence in feme mea- 
fure equivalent to the attack. 

Notwithftanding all the improvements 
which have been made in the art of fortifying 
fince the Invention of gunpowder, that of at- 
tacking is ftjll fuperior to it. - Engineers have 
tried in vain to render the advantages of a for-. 
tification equal to thofe of the attack i the fU' 
periority of the befiegers fire, together with the 
greater number of men, obliges generally, 
fooner or later, the befieged to fnbmit. 

The greateft improvement made in the art 
*of attacking happened in the year 1697, when 
M. Vauban made iirft ufe of ricochet firing at 
the fiege of Atb, whereby the befieged, placed 
behind the parapets, were as much expofed- 
to the fire of the befiegers, as if there had been 
none ; whereas, before, they had been fecurc 
as long as the parapet was not demolilhed ; 
and the worft is, that there can be no remedy 
found to prevent this enfilading, without fall- 
ing into inconvenicncies almoft as-bad as thofe 
which we endeavour to avoid. 

Although authors, agree as to the general 
form in the present manner of fortifying, yet 
they moftly differ in particular conftru<3:ions 
pf the parts ; as U would be both needlcfs 

and 
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OF FORTIFICATION. 23 

and fuperfluous to treat of all the different 
methods hitherto propofed, we ihall content ,, 
ourfelves with explaining thofe only, which 
are moft efteemed by the beft judges, and 
have been moftly put in pradlice ; with add- 
ing obfervations on their perfections and im- 
perfcftions, and poii)t out how fome of the 
parts may be improved. 

As M. Vauban had more experience than ■ 
any other engineer whatfoever, and his me- 
thods are moftly ufed all over Europe, we pre- 
fume it will be more advantageous to begin- 
ners to explain his methods firft; and then 
thofe of Mr. Coehorn, who, next to M. Fauban, 
excelled in this art. 

M. Vauban has given three different methods j 
the firft is that which has been ufcd in the for- 
tifying of moft places ; the fecond was ufed at 
Landau and Beford, chiefly defigned for pkces 
which have a wall or ramparc already j and the 
third has been applied in the fortifying of iVeiw 
Brifacbi each of thefe methods will be treated 
of feparately, in their order. 

ConfiruBion of M. VaubanV frji 

Method. 
This method is divided into little, mean, 
and great; the little is chiefly ufed in the 
C 4 con-. 
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conftrudlion of citadels, the mean in that of 
ail forts of towns, and the great in particular 
cafes only. 

We ihail give the conftrudlon of the 
mean, as being moA ufeful, and refer the 
reader to the table hereafter, for thofe di- 
menfions which are different in thefc feveral 
fortifications. 
plate I. In fori be in a circle a polygon of as many 
fides as the fortification is defigned to have 
fronts; let AB be one of the fides of half an 
exagon, whic|i bifofl by the perpendicular 
CD : divide half AC of it into nine equal 
parts, and one of ihefe into ten others ; then 
thefo divifions will fervc as a fcale to conftruft 
all the parts of the fDrtification, and each of 
them is fuppofed to be a toife or fathom, that 
is, fix French feet ; and therefore the whole ■ 
fide AB is fuppofed to be i^o toifes. 

As the dividing a line into fo many equal 
parts, is troublefome and tedious, it is more 
Convenient to have a foale of equal parts, by 
which the works »iay be conftruftcd. 

If therefore, in this cafe, the radius is taken 
equal to iSo toifos, and the circle defcribed 
with that radius being divided into fix equal 
parts, or the radius being carried Gx tintes 
round, you will have an exagon infcribed j 

AB 
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AB being bifeded by the perpendicular CD 
as before, fet off 30 toifes from C to D, and 
draw the indefinite lines ADG, BDF, in 
which take the parts AE, BH, each equal to- 
50 toifes J from the center E defcribe an arc 
through the point H, meeting AD in G, and 
from the center H defcribe an arc through 
the point E, meeting BD in F j or which 
is the fame, make each of the lines EG, HF, 
equal to the diftance EH ; then the lines 
joining the points A, E, F, G, H, B» will be 
the principal or outline of the front. 

If the fame conftrudlion be performed 
on the other fides of the polygon, you will 
have the principal or outline of the whole 
fortification. 

If, with a radius of 20 toifes, there be 
dcfcribed circular arcs, from the angular 
points B, A, M, T, and lines are drawn from 
the oppofite angles E, H, &c. fpas to touch 
thefe arcs, their parts a b, b, c, &c. together 
with thefe arcs, will reprefent the outline 
of the ditch. . , 

N. B. In any other polygon, befides the 
cxagon, tlie radius cannot be equal to 180 
toifes ; and in that cafe, the radius muft be 
bund, fo as to anfwer to a given fide of 180 
fttifes, by Problem 14. 

Defi- 
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Definitions. 

I . The part FE ALN, is called the ia/iion. 
z. AE, AL, thcjaces of the baftion. 

3. EF,,LN, thefankj. 

4. FG. the curiam. 

5. FN, the ^or^^ of the baftion. 

6. AG, BF, the lines of defence. 

J. AB, the exterior fik of tbe polygon. 
%. QHytbi: perpendicular. 

9. Any line which divides a work into two 
equal parts, is called the capital of that work. 

10. a b c, the cQunterfcarp of the ditch. 

II. A, M, ihefanhd angles. 

12. H, E, L, the angles of the Jhaulder, 
Qt Jkoulder only. 

13. G,F,N, the tfnt^/tj-of the/^^^. 

1 4. An/ angle whole point turns from th« 
place, is called a faliant angle, fuch as A, M ; 
and any angle whofe point turns towards th( 
place, re-entering angle, fuch as b, F, N. 

15. If there be drawn two lines paralle.' 
to the principal or outline, the one at 3 toifet 
diftance, and the other at S from it; the:: 
the fpace y x included between the principa 
one, and that fartheft diftant, is called th; 
rampart. 

Ard 
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And the fpace xxj contained by the prin- 
cipal line, and that next to it, and which is 
generally ftained black, is called the parapet. 

16. There is a fine line drawn within 
four feet of the parapet, which expreffes a 
ftep called banquette. 

N. B. All works have a parapet of three 
■ toifes thick, and a rampart of 8' to to, be* 
fides their Hopes. The rampart is elevated' 
more or lefs above the level of the place, 
from 10 to 20 feet, according as the nature 
of the ground ' is, and according to the par- 
ticular conftruiSions of engineers. 

The parapet is a part of the rampart ele- 
vated from 6 to 71 feet above the reft, in 
order to cover the troops, which are drawn 
up there, from the fire of the enemy in a 
fiege ; and the banquette is two or three feet 
higher than the rampart, or about four feet 
lower than the parapet ; fo that when the 
troops ftand upon It, they may juft be able 
to fire oyer the parapet, 

17. The body of the place, is all that 
which is contained within this firft rampart j 
for which reafon it is often faid to conftruft 
the body of the place; which means pro- 
perly, the CPnftrudtion of the baflions and , 
furtains, 

J 8. All 
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J 8. All the works which are conftnifled 
beyond the ditch, before the body of the 
place, are called outworks^ 
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In the firft vertical column are the num- 
bers cxpreffing the lengths of the- exterioi 
fides from 8o to 260. 
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111 the fccond, the perpendiculars anfwcr- 
ing to thefe fides. 

In the third, the lengths of the fiices of 
the baftions -, and in the Fourth, the lengths 
of the capitals of the ravelins. 

The forts are moftly, if not always, fquares, 
for which reafon, the perpendiculars are made 
one eighth of the exterior fides; becaufe, if 
they were more, the gorges of the baiUons 
would become too narrow. 

The little fortification, is chie^y defigned 
for citadels, and are commonly pentagons j 
the perpendiculars are made one fevcnth of 
the exterior fide ; the mean is ufed in all 
kinds of fortifications, from an exagon up- 
wards to any number of fides ; and the great 
is feldom ufed but in an irregular fortifica- 
tion, where there are fome fides that cannot 
be made lefs without much expence; or ia 
a town which lies near a great river, where 
the fide next the river is made from 200 
to 260 toifes; and as that fide is lefs expofed 
to be attacked than any other, the perpen- 
dicular is made fliorter, which faves much 
expence. 

The faces of the baftions are all |ths of 
the exterior fides, or nearly fo, becaufe the 
fra<a;ions are neglected. 

It 



.■i>, Google 



THE ELEMENTS 
It may be obferved in general, that in all 
fqnares the perpendicular is ^th of the exte- 
rior fide, in all pentagons -f th, and in all the 
reft upwards 4th. 

ConJiruBions of Qrillons and retired 
Flanks, 

Defcribe the front MPQRST as before, 
and divide the flank into three equal parts, 
of which fuppofe S r to be one i from the 
oj>pofite flanked angle M, draw a line M r, 
in which take the part m r of 5 toifes -, lake 
likewife R n in the line of defence M R, 
produced, equal to 5 toifes, and join nm, 
upon which as a bafe defcribe the equilateral 
triangle n p m, and from the angle p, bppo- 
fite to the bafe as center, is defcribed the 
circular flank, n m. 

And if S r be bifedted by the perpendicular, 
1, 2, and another be eredled upon the face ST» 
1 at S J the interfedtion 2 of thefe two perpen- 
diculars, will be the center of the arc which*, 
forms the orillon. 

The oriUons are very ufeful in coverine- 
the retired flanks, which cannot be feen bu. t 
diredlly in the front; and as thefe orillor* ^ 
are round, they cannot be fo eafily deftroye %:^ 
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as thev would be, if they were of any other 
figure. But for what reafon the retired 
ftanks are made of fuch circular arcs as thefe, 
is not poffible to be gueil at ; fince it may 
eafily be proved, as we Ihall do in the third 
fedion, that the flank made upon the chord 
of that arc would be much better, and is at 
the fame time of lefs expence. 

But what is more ftrange, that moft en- 
gineers look upon thefe flanks as the beft . 
that could have been thought of, and they 
uie them in all fortifications, which they 
propofe as the befl: models : there can be 
given no other reafon of this opinion, than 
the unaccountable fancy, of mankind in ge- 
neral, for novelty; and their indolence to 
receive from others, things for true, rather 
than to inquire whether they be fo or not. 

ConfiruSiion of Ravelins or Half-moons, 

Set off 50 toifes, from the re-entring angle Big. 2. 
O of the counterfcarp, on the capital OL of 
the ravelin, or on the perpendicular produced, 
and from the point L draw lines to the 
flioulders A,B ; whofe parts LM, LN, ter- 
•minated by the counterfcarp, will be the faces 
MO, ON, the femi-gorges of the ravelin 
required. 

This - 
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This is M. Vmba7i% method of conftrudt- 
ing ravelins, according to Ibme authors ; and 
others will have the faces of the ravelin to 
terminate on thofe of the baftions within 3 
toifes of the fhoulders ; which feems to be the 
bell way, for the ravelins cover the flanks much 
better than the others. 

The ditch before the ravelin is 12 toifes, 
its counterfcarp parallel to the faces of the 
ravelins, and is made in a circular arc, before 
the faliant angle \ as likewife all ditches are 
in general. 

When the ravelins are made with flanks, 
as in figure 3, the faces fhould terminate of 
thofe of the ballions, at leall: 5 toifes from 
the ilioulders. 

The flanks are made by fettingoff 10 toifes 
from the extremities of the faces, from f to h, 
and from m to 1, and from the points h 1, the 
flanks h k, 1 p, are drawn parallel to the capi- 
tal LO of the ravelin. 

There are fometimes redoubts made in the 
ravelin, fuch as in fig. 2. which is done by fet- 
ting off 16 toifes from the extremities of the 
faces on the femi-gorges from N to b, and from. 
M to a ; and from flie points b, a, the faces are 
drawn parallel to thofe of the ravelin : the 
ditch before this redoubt is 6 toifes, and its 
counterfcarp parallel to the faces. Ce«- 
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ConJiruBion of^enaiUes' 

A tenaille is a work made in the ditdi PUteii. 
before the curtains, the parapet of which is ''S'-^'^- 
only 2 or 3 feet higher than the level ground 
of the ravelin. There arc three different 
forts: the firftarethofe as in iig. i, which 
are made in the direiSion of the lines of de- 
fence, leaving a paffage of 3 toifes be- 
tween their extremities and the flanks of the 
haftions, as likewife another of 2 in the 
middle for a bridge of communication to the 
ravelin. 

The fecond foft, ate thofe as in fig. 2 ; 
their faces are in the lines of defences, and 
16 toifes long, befides the palfa'ge of 3 toifes . 
between them and the flanks of the ba^ions -, 
their flanks are found by dcfcribing arcs from 
one fhoulder of the tenaille as center through 
the other, on which are fet ofl^ -i o toifes for ' 
the flanks defired. 

And the third fort, are thofe as in fig. 3 ; 
their faces are 16 toifes, as in the fecond fort^ 
and the flanks are parallel to thofe of the 
baAions. 

The ufe in general of tenailles, is to de- 
fend the bottom of the ditch by a grazing 
D , fire. 
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fire, as like wife the level ground of the ra- 
velin, and efpecially the ditch before the re- 
\ doubt within the ravelin, which can be de- 

fended from no where el^, fo well as from 
them. 

The firft; fort do. not defend the ditch fo 
well as the others, as being too oblique a 
defence ; but as they are not fubjed: to be 
enfiladed, M. Vauban has generally pre- 
ferred them in the fortifying of places, as 
may be feen in the citadel of Lille^ at han- 
dau. New Brifacbt aftd in a great miny 
other places. 

The fecond fort defend the ditch much 
better than the firft, and add a low flank to 
thofe of the baftions ; but as thefe flanks are 
liable to be enfiladed, they have not been 
much put in practice. This defe<5t might 
however be remedied, by making them fo, 
as to be covered by the extremities of the 
parapets of the oppofite ravelins, or by fome 
other work. 

As to the third fort, they have the lame 
advantage as the fecond, and are likewife 
liable to the feme obje(!tions j for which 
reafon they may be ufed with the fame pre- 
cautions; which have been mentioned in the 
fecond. ' ' 

TenaiUes 
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Tenailles are efteemed fo oeceflary, that 
there is hardly any pkce fortified without 
them, and it is not without reafon j for when 
, the ditch is dry, the part behind the tenailles 
ferves as a place of arms, from which the 
troops may iaily, deftroy the works of the 
enemy in the ditch, oppofe their defcent, and 
retire with lafety ; and the communication 
from the body of the place to the ravelin 
becomes eafy and fecure, which is a great 
advantage i for by that means the ravelin 
may liiake a much better defence, as it can 
be fuppHed with troops and neccffaries at any 
time. And if the ditch is wet, they ferve 
as harbours for boats, which may carry out 
armed men to oppofe the paflage over the 
ditch whenever they pleafc ; and the com- 
munication from the tenailles to the ravelin, 
becomes likewife much eafier than it would 
be without them. 

ConfiruEiion of Lunettes, 

Lunettes are placed on both fides of^the Fig. 4. 
ravelin, fuch as B, to encreafe the flrength 
of a place j they are confiiruiSed, by bifedting 
the faces of the ravelin with the perpendicular 
L-N, on which is fet ofl^ 30 toifes from the 
D 2 coun- 
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counterfcarp of the ditch, for one of its faces } 
the other face PN, is found by making the 
femi-gorge TP of 25 toifes; the ditch be- 
fore the lunettes is 12 toifes, the parapet 3; 
and the rampart 8 ; as in the ravelin. 

There is fometimes another work made to 
cover the faliant angle of the ravelin, fuchas A, 
called Bonnet, whofe faces are parallel to thofe 
of the ravelin, and when produced bifed thofe 
of the lunettes; the ditch before it is i o toifes. 
Pi c There are likewife lunettes, fitch as D, 
in fig. 5, whofe faces are drawn perpendicular 
to thofe of the ravelin, within a third part 
from the faliant angle; and their femi-gorges 
are only 20 toifes. 

Thefe ■ kind of works may. make a good 
defence, and are no very great expence ; 
for as they are fo near the ravelin, the com- 
munication with it is very eafy, and one 
cannot well be maintained, till they are all 
three taken. 

I would have the face PN (fig. B) per- 
pendicular to that of the baftion, which 
would then defend it in a dired manner ; 
and if the femi-gorges of the bonnet A w6re 
only 7 or 8 toifes, it woul,d become lefs ex- 
penfive, and its ditch and the covert-way 
before it would be better defended hy the 
lunettes. 

Cofi- 
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ConfiruSiion of Tenaillons, 

Produce the faces of the ravelin beyond ^'S- ^■ 
the counterfcarp of the ditch, at a diftance 
MN of 30 toifes, and take on the counter- 
fcarp of the great ditch, 15 toifes from the 
re-entering angle p to q, and draw Nq ; then 
qNMp will be the tenaillon required ; its 
ditch is 12 toifes, that is, the fame as that 
of the ravelin.' Sometimes there is made a 
retired battery, in the front of the tenalllons, 
as in fig. B; this battery is ]o toifes from the 
front to which it is parallel, and 1 5 toifes long. 

There are commonly retrenchments' made 
in the tenaillons, fuch as. O; their parapets 
are parallel to the fronts MN, or rather per- 
pendicular to the fide Nq, and bifect the 
fide qN j the ditch before this retrenchment 
is 3 toifes, and there is a banquette before 
the parapet, next to the ditch, of about 8 feet, 
called Berm ; it ferves to prevent the earth 
of the parapet (which feldom has any re- 
vetement) from falling Into the ditch. 
, It is to be obferved, that the ravelin, be- 
fore which tenaillons are conftrucVed, muft 
have its faliant angle much greater than the 
former conftrudtlon makes them j othdrwife 

D3 the - 
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the faliant angles of the tenaillons become 
too acute, for which reafon we made the 
capital of this ravelin 45 toifes, and the faces 
terminate within 3 toifes of the ihoulders, 

ConJlruBion of Counterguards. 

Plate III. When the counterguard is placed before 
'^' ''*;* the ravelin, fet off 40 toifes on the capital , 
of the ravelin from the faliant angle A, to 
the faliant angle B, of the counterguard j 
and 10 from C to D, on the counterfcarp 
of the ditch. 

When the counterguard is befo»e the 
baftion, fuch as in fig. 2» its faliant angle F,' 
is 50 toifes from the faliant angle E of the 
baftion, and the breadth near the ditch of the 
ravelin is 10 toifes as before. 

The ditch before the counterguards is 1 2 
toifes, and its counterfcarp parallel to the 
faces. 

Counterguards are made before the ravelin, 
in fome particular occafions only, but are 
frequently conftrufted before the baftions j 
as covering the flanks wonderfully well. 
Some authors, as Bhndel, and M. Coehbrn, 
will have them much narrower than they are 
here. . 

Con-' 
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ConfiruBion of Hornworks. 

' Produce the f^pital of the ravelin beyond ^'S- 3- 
the faliant angle A, at a diftaiice AB" of 
about 80 toifes; draw DBE, at right angles 
to AB; in which take, ED, BE, each equal 
to 55 toifes i and on the exterior fide DE, 
trace a front of a polygon in the fame 
manner as that of the body of the place,, 
making the perpendicular BF 18 toifes ; 
and the faces 30. 

The branches Da, Eb, of the hornwork, 
when produced, terminate on the feces of the 
baftions, within 5 toifes of the Ihoulders. 
The ditch of the hornwork is 12 toifes, 
and its counterfcarp parallel to the branches ; 
and in the front terminates at the (houlders, 
in the fame manner as the great ditch before ' 
the baftions. * 

The capital of the ravelin before the front 
of the hornwork is 35 toifes, and the faces 
terminate on the ihoulders, or rather 2 or 
3 toifes beyond them : and the ditch before 
the ravelin is 8 toifes. 

There are fometimes retrenchments .made 

within the hornwork, fuch as S, S j which 

are conftruifted by ereding perpendiculars to 
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the faces of the rELvelins, within 25 toifes of 
their extremities. ■ This retrenchment, like 
all others, has a parapet turfed only with a 
"berm of 8 feet before it ; as likewife a ditch 
from 3 to 5 toifes broad. 

When a hornwork is made before the 
baftion ; the diftance DL, of the front from 
the faliant angle of the baftion, is 1 00 toifes ; 
and the branches terminate on the faces of the 
adjacent ravcUns within 5 toifes from their ex- 
tremities ; all the reft is the fame as before, 

ConflruSilon of Crownworks. 

Plate nr. From the faliant angle A of the ravelin, as 
*■"'£■ '■ a center, defcribe an arc of a circle with ara- 
dius of about 120 toifes, cutting the capital of 
the ravelin produced at C j fit)m'the point C, 
fet off the cords CB, CF, each of them equal 
' to iio toifes, and on each of which, as an 
exterior fide, conftruift a front of a polygon 
of the fame dimenfions as in the hornwork -, 
that is, the perpendicular Ihould be 18 toifes, 
the fices 30, and the branches terminate on~ 
tlie faces of the baftions, within 25 toifes 
of the Ihoulders. 

The ditch is 12 toifes, the capital of the 
ravelin 35, and its ditch 8 ; that is, the fame: 
as in the hornwork. 

Socac- 
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Sometimes the crownwork is made before Fig. ». 
the baftion, as in fig. 2 > the arc is deicribcd 
from the faliant angle, A, of rhe baftion, with 
a radius of 120 toifes, as before, and the 
branches terminate on the feces of the adjacent 
ravehns, within 25 toifes of their extremities j 
the reft of the dimenfions and conftrudlions 
are the fame as before. 

Hornworks, as well as crownworks, are 
never made, but when a large fpot of ground 
falls beyond the fortification, which might be 
advantageous to an enemy in a fiege, or to co- 
ver fome gate or ent'ance into a town; they 
have notwithftanding been ufed without judg- 
ment in feveral places, as at Tournay, lpres,tcQ. 
Their advantages and dil'advantagcs fhatl be 
fully difcufled in the third feiftion. 

ConJlruBion of Covert-ways a?id 
Glacis* 

Although we have not hitherto mentioned . 
the covert-way, neverthelefs, all fortifica- 
tions whatfoever have one ; for they are 
efteemed to be one of the mo!l eflential 
parts of a modern fortification ; and it is 
certain, the taking the covert -way, when it 
is in a goo^ condition and well defended, is 
' generally 
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generally the moft bloody a<Sion of the 
ficge, 
Plate V. After having conftrmaed the body of the 
, place, and all the outworks which are thought 
neceffary, lines are drawn parallel to the out- 
mofl: counterfcarps of the ditches, at 6 toifes 
diftant from it j and the fpace m n m n, in- 
cluded between that line and the counterfcarp, 
will be the covert-way required. 

There is in every re-entering angle of the 
counterfcarp a place of arms, m ; which is 
found by fetting off 20 toifes from the re- 
entering angle a, on both fides from a to b, 
and from a to c ; and from the points b, c, 
as centers, arcs are defcribed with a radius 
of 25 toifes, fo as to.interfeft each other in d; 
^ then tlie lines drawn from this interfetaion to 
the points b, c, will be the faces of the places 
of ar;ris. 

If lines are drawn, parallel to the lines 
which terminate the covert-way, and the 
places of arms, at 20 toifes diftant from 
them, the fpace x, x, x, between thefe lines 
and thofe which terminate the covert-way, 
will be the glacis. 

At the extremities of the places of arms, 

are traverfes made, fuch as v, v, which ferve 

to inclofe them ; thefe traverfes are 3 toifes 

thick. 
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thick, and as long as the covert-way is broad, 
and a paHage is cut in the glacis round them, 
of about 6 0^- 8 feet, in order to have a free 
communication with the reft of the covert- 
way. 

There are alfo traverfes of the fame di- 
menfions before every faliant angle of the 
bailion and outworks, and are in the fame 
diredion of the faces of thofe works produced ; 
and the thicknefs lies at the fame iide as the 
parapets. 

The paffages round thefe laft traverfes are 
likewife from 6 to 8 feet wide. 

In each place of, arms are two fally-porte 
z, z, which are 10 or 12 feet wide, for the 
troops to fally out ; in time of a fiege they are 
ihut up, with barriers or gates, 

ConfiruBion of Arrows, and detached 
Redoubts. 

An arrow is a work made before the 
faliant angles of the glacis, fuch as A ; it is 
compofed of a parapet of 3 tdifes thick, and 
40 longi and the ditch before it 5 toifes, 
tenninating in a flope at both ends. The 
communication from the covert-way into 
thefe arrows, is 4 or 5 toifes wide, and 

there 
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' there is a' traverfe r at the entrance of 3 

toifes thick, with a paflage of 6 or 8 feet 
round it, 

A detached redoubt is a kind of work much 
like a ravelin, with flanks placed beyond the 
-glacis, fuch as fig. B; they are made in order 
to occupy fome fpot of ground which might be 
advantageous to the befiegers ; hkewifc to 
oblige the enemy to open their trenches far- 
ther off than they would do otherwife. 

Tneir diftance from the covert-way ought 
not to exceed 120 toifes, that it may be de- 
fended by mulket-fhot from thence. 

The gorge a b is 40 toifes, the flanks a c, 
b f, which are perpendicular to the gorge, 10, 
and the faces c d, fd, 30; the ditch before 
it is 6 toifes, ending in flopes at both ends; the 
covert- way 4 ; the branches of the covert-way 
is 42 toifes long, or thereabouts ; the faces of 
the places of arms y, y, which are perpendicu- 
lar to the branches, 10 ; and the other, which 
is parallel to them, 14. 

The communication from the covert-way 
into the redoubt, is 5 or 6 toifes wide j and 
there is a traverfe madejuft at the entrance ; 
and another in the middle, when it is pretty 
long. The parapets of this communication 
terminate in a flope or glacis, 

II 
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If thefe redoubts are above 50 toifes diftant 
from the covert-way, the beliegers carry thefr 
trenches round, ,and enter through the gorge j 
by which' the troops that are in them are made 
prifoners of war, if they do not retire betimes: 
to prevent this, fome other outworks fliould 
be made to fupport them. 

ConftruBion of Second Ditches, and 
Covert-ways. , 

When the ground is low, and water to be Plate VL 
found, there is often a ditch of about 10 or 
1 2 toifes made round the glacis ; and oppo- 
fite to the places of arms are conftruifled lu- 
nettes, beyond the ditch, fuch as D, whofe 
breadth on the counterfcarp of the ditch is 
10 toifet!, from b to a, and from c to d, and 
the faces aL, dL, are parallel to thofe of the 
places of arms ; the ditch before them is from 
8 to 10 toifes wide. 

The fecond covert-way is 4 toifes, the 
femi-gorges of the places of arms m about 
15, and the faces perpendicular to the coun- 
terfcarp i the fecond glacis is from 15 to 18 
toifes broad. 

This fecond covert-way has traverfes every 
where, in the fame manner as the firft. 

Thefe 
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Thefe are nearly all the different outworks, 
which are afed now-a-days, in the con- 
Uruiftion of places : although they are gene- 
rally ranked among M. Vauban's works, yet 
none are of his invention, except the conftruc- 
tion of the body of the place, and the cir- 
cular flanks ; for all the reft are to be met 
with in Dilicbiu's Peri&ologia, printed at Frank- 
, ford in 1 640 : and it may be obferved, that 
M. Vauban has chiefly copied this author, as 
Coeborn did Spekel. 

CmfiruEiion of Profiles, 

PlateVII. A profile is the repreientation of a vertical 
feftion of a work ; it ferves to fhew thofe 
dimensions which cannot be reprefented in 
plans, and are neceilary in the building of a 
fortification j they are generally conftrudted 
upon a fcale of 30 feet to an inch. It .would 
be needlefs to defcribe all their particular 
dimenfions, fmce they are marked in the 
fchenies ; we fhall therefore lay down th^ 
principal rules only, given by M. Vauban, 
on this fubje(S. 

I. Every work ought to be at Icaft 6 feet 

higher than that before it, fo that it may 

..command thofe before it; that is, that the 

garrifon 
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garrifon may fire from all the works 'at the 
fame time, with great and fmall arms, at 
the befiegers in their approaches: notwith- 
ftanding this fpecious pretence, there are 
feveral authors, who obje<5t againft it. For 
they fay^ if you can difcover the enemy from 
all the works, they can difcover fay the famp 
reafon all the works from their batteries ; fo 
thait they may deftroy them, without being , > 
obliged to change their lituation, and thereby 
difmount all the.guns of the place before .they 
come near it. 

But if all the works were of the fame 
height, thofe within cannot be deftroyed, till ' 
fuch time that thofe before them are taken •, 
gun? might be placed in the covert-way 
and outworks to obftrudt the enemy's ap- 
proach, and when they come near the place, 
they might be tranfporled into the inner 
works i and as the body of the place would 
be much lower, the expence would be confi- 
derably diminiOied. 

^ But when works are low, they are eafily 
enfiladed by the ricochet batteries, which is 
a kind of firing, with a fmall quantity of 
powder, by giving the gun an elevation of 
I o or 12 degrees : this might, however, be 
partly^ prevented, by making the parapets 



.■i>, Google' 



48 THEELEMENTS 

near the faliant angles, for the fpace of 3 
toifes on each lide, five or fix feet higher than 
the reft of the works. 

2. The covert-way ftiould be lower than 
the level ground, otherwife the body of the 
place muft be raifed very high, efpecially 
when there are feveral outworks, this is to 
be underftood only when the works exceed 
each other in height, otherwife it need not 
be below the level. 

3. The bafes of all inward flopes of earth 
fliould be at leaft equal to the height^ if not 
more. 

4. The bafes of iiU outward flopes of earth 
two thirds of their heights. 

5. The flopes of all walls or revetements 
ftiould be one fifth of their height ; but one 
fixth would be fufficient in my opinion ; the 
height of a wall is eftimated from the bot- 
tom of the ditch, and not from the begin- 
ning of its foundation. 

6. The flopes of all parapets and traverfes 
are one fixth of their breadth ; that is, 3 feet 
towards the field, or the infide, where the 
banquettes ftiould be, three feet higher than 
the outfide. 

■ 7. When the revetement of a rampart goes 
quite up to the top, 4 feet of the upper part 
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is a vertical wall of thcec fret diidc, with a 
iquare ftone at the tc^. of it, ;projedting fix 
inches, and a circular one below,. or whece 
tiic flope begins, of 8 or 10 mdies diameter j 
they, go quite round the rajjipart, and-rfic 
circular projedtion is called the -Cflrii/iMf. l 

Where the ftraight part of the w«U ends, 
and the flope beginsj the wall 1$ alwayi>nMde 
five feet thick ; and the counterforts' Oc ^^bt- 
treffes reach no higher than that place. 

8. When the rampart is partly WaUe|d anc^ 
partly turfed, then ont fifth of -the liei^ 
which Is turfed m'uft be added to five: feet^ 

to .get the thicknefs of the wall above^. " 

And having the thicknefs of any \^^^i % 

above, hy adding one fifth of its height iron^ 
the bottom ^oCthe ditch, the fiini WiH he thd 
thicknefs of the wallat the bottom ; but if 
a fixth part is only taken for the Hope, thcri 
a fixth part muft be added. 

For inftance, fuppofe a rampart of 30 ftet 
high from the bottom of the ditch, and that 
10 of which are to be turfed ; ti»en~ the fifth 
part of 10, which is 2, added to 5^ give^ 
7 for the wall above j and as this wall , is 20 
feet high, the fifth of which is 4, aftd 4 
addtfdtothe thicknefs 7 aboVe, giVeS ii fbi- 
the thicknefs near the foUndalion. ' 

E The 
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The fcventh plate reprefcnts in m3itary 
: perfpcaive the profiles of the body of a place, 
the ravelin and eovert-way, which gives a 
.'^dcar idea of what is raeitnt by a profile j 
and from which thpfe of all other worlcs 
may be eafily conceived. 

M. Vauban gives in the following table 
;the dimenfions of walls from lo to 80 feet, 
high, from 10 to 10 ^t. 
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.laft column, which are feet and inch« 
M> Vauban adds, that when the ftone 

brie] 
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brickwork is very good, the thicknefs of the 
wall above may be reduced to 41 feet or 4; ■ 
only ; but when it is bad if may be incrcafed 
to 5I feet, and fonietimes more. 

That the counterforts at the faHant angles 
Ihould be well braced or bound together. 

When the ramparts are partly turfed and 
partly walled, he makes the intervals between 
the centers of the counterfqrts but 1 5 feet ; 
but when they arc walled quite up to the top, 
thefe di{lances are 1 8 feet. 

Thefe dimenfions have been ufed in the 
conftrutaions of a great many places, and the 
walls have never failed i it may however be 
demonflrated, that his low walls are too 
ftrong, and the high ones too weak ; but this 
fubjedl: (hall be examined in the fecond book, 
where practical fortification is treated of. 

As M. Vauhan has conftruiled the fore- 
going tables from pradtice and his own obfer- 
vations only, and not by the help of thetM^, 
without which it is impoffible to arrive to 
any degree of perfeftion j the dimenfions 
contained therein are mofUy erroneous, which 
indeed appears by mere infpedKon ; for that 
all walls of any heights fliould have the &me 
thicknefs at top, is contrary to fenfe and 
jieaibn. Befides, he makes no difiinfiioa 
£ 2 between 
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between "ftone and brick walls, although floncs 
are fpecifically heavier thap bricks, and con* 
^quently need not be made £b ftrong. For 
which reafon we have inferted tables for 
^one and brick walls in the fecond volume 
of this work, which treats of the pradtie^ 
of fortification, deducied from theory and 
the moft approved praftfce. 

Cot\ftru£iioM of M* Vaubaii'f fecond 
fnetbody with Tower-rbafiionSy ac- 
cording to the plans of X^^hAsm and 
Befford; 

This method is adapted to the fortifying 
of places built already j for which reafon he 
begins his CQnftru<3;ion "inwards, and fortifies 
outwards, contrary to his other methods, as 
being more convenient for thatpurpofe. . 

Let AB be the interior fide of an exagon 
of 180 toifes, fome authors will have it 130, 
and fay that they ^re fo at Landau ; draw 
AC, BD, from the center through the ex- 
tremities of the iides : fet oiF 6 toifes from. 
A to h, and irom B to c ; through the points 
b and c, draw lines at right angles to AB> 
from the point b iet off 6 toiies to f outwards^ 
and 4 from b U> d inwards j and from the 
points 
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points f, d, draw pei^pendiculars ft. An, to 
th6 capital AC j then if r E is made eqaat to 
r f, the point £ will be the faliant angle of 
the totvef baftWi andEfdnhalf thatfower. 
If in the capitals^ there be taken from the 
£dhnC angles of the tower b^ioHS, the dif- 
tances EC, FD, each of 40 toifes, the pomtS 
C and D will be the faliant angles of the 
cOuDterguards befofe the towers : from the 
points C and D draw the lines of defence 
Cc, Db, to the points where the flanks of 
the towers cut the curtain j and which fet off 
56 toifes for the faces of the countergaards, 
tlw flanks are found a'S ih the firft method, 
and likewife the t'enaitles. 

ITie ditch before the Mizrit angles of the' 
towels is 6 toifes, and its counteffcarp drawn 
to the extremities' of the flanks of the counter- 
guards ; the right line which joins the ends 
of thefe flanks- wiH determine the infide of 
the tenailles. 

The ditch before the coantef guards is 1 2 

to^s at the fafi&ftt artgles, artd the countef- 

icarp is drawn to the oppofite ftioulders irf 

the fame manner as in the firft: method. 

The capital of the ravelin is 45 toifes, 

I its faces, when produced, terminate oii thofe 

i ol" ^ countepgttards, within io teifes^ of the 

,E 3 ihoul- 
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ibsuldersf lo, toifes are cut off from the face*- 
by the 6anks which are parallel to the capital- 
as ufual. 

The ditch before the ravelin is lo toifes, 
the, covert-way 5, the femi-gorgcs of the 
places of arms li, the faces jj, and the 
glacis 20. 

ConftruBion of M. VaubanV third 
method^ according to the plan of 
New-Brifach. 

rute ix. This method Is applied to an odagon, 
whofe exterior- fide AB is 1 80 toifes, the 
perpendicular CD 30 ; the faces AK, BL, ■ 
of the counterguards 60 : the flanks LN, 
KM are found by fetting oiF 22 toifes, as 
chords to the arcs defcribed from the oppofitc 
flioulders as centers : from the extremities 
■of the flanks aline is drawn, which will be 
parallel to the exterior fide AB, meeting the 
capitals AE, BF of the counterguards at G 
and H ; this line terminates the infide of the 
tenaille, as likewjfe the faliant angles G, H 
of the tower baftlons. 

If EF be drawn parallel to GH, and at 
Q toifes diftant from it, the interfeftiqns E,F, 
with the capitals of the counterguards, will 

' .. , be 
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be the centers of the towers j from which 
fetoffy toires from E to a fov the femi- 
gorges, and draw the flanks b c through the 
extremities of thefe femi-gorges perpendicu- 
lar to the line £F j thefe flanks are 4 toifes 
inwards fronu a to c, and 5 outwards from 
(7 to b ; the faces b G are drawn from the 
point b to the point G» and the lines joining 
the inlide of the Hanks at the end of 4 toiies 
will compleat the towers. 

The ditch is 6 toifes before the faliant 
angle t)f the towers, and its counterfcarp 
meets the line GH, within 10 toifes of the 
extremities M, N of the flanks of the coun- 
terguards. 

If from the point n, where the line EF 
interfedts the perpendicular CD produced, 
you fet off 5 toifes to the point r, and the 
lines of defence are drawn from the extre- 
mities of the femi-gorges a of the towers 
through this point r ; then the flanks of the 
counterguards produced will determine the 
little flanks p, q of the inflde rampart, and 
the extremities of thefe little flanks being 
joined, will give the curtain between them. 

The great ditch before the counterguards 

is 1 5 toifes, and its counterfcarp parallel to 

the hcGS : the capital of the ravelia is 55 

E 4 toifes 
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totfe5> and that of tlae redoubt wkhia it 2^- }. 
thb faces of the ravetin^ are drawn to the 
faces of tbe counterguards within 15 toifea 
fpoak the Oioulders, and thofe of the redoubt 
pa:QUeL to. the& : twelvetoifes are cut off iroiA' 
the &ces of the ravelin, and 6 ironi tho& 
of the redoubt, bythe flanks which are pa- 
raUel tg^ the capital; the ditch before the ra-» 
Telia is. 1 2 toi^s, and that before the redoubt 
6 : the covert-way and glacis are the fame- 
as in the fecond method : the profiles in 
f^ate X, XI-, referred to this method, may 
ferve Hkewife for the fecond. It muft be 
obfervedi that the parapets of the counter- 
guards, on both fides "of the faliant angles, 
are railed 4 feet higher, for the fpace of 20 
feetj.above the refb, to prevent the enfilades 
of the ricochet batteries; 

We fhall examine thefe two laft methods 
in the third leftion, in order to Ihew their 
perfedions and imp erfedions. 

ConfiruBlon of M: CoehoraV firfi 
method, 

PhteXir. • THis-'aiithor appll'es his; firft "method- to. 
an exagon, and- fupp'ofes' that' ' the 'furface of 
the water-is bat 4'fct^t lower thaft the level' 
gfound. • ■ ■ 

, Let 
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Let therefora: the inteuidr fide AB of an 
exagon ba 150 toifes^ take AC, BD, each 
eqaal to 39^ atid the capltiils AE,' BF, each 
of 8q;.' and AG, BH of 40; from the points 
E, F, draw - the Kires. of defence through 
the points D, C ; and through the points 
G, H, lines' poraltet to ED, FC j ii* which 
take GI> HK, each eqnal' b> 40 foifes, ibc 
the teng^ of the higher £u:es- of the baf-- 
tioii«. 

To deteiroine the lower faces EM, FN, Fig. i. 
draw 10 perpendicular to IG, equal to 4 
toifes J O r, parallel to IG, likewife equal to 4 ; 
then r M perpendicular to EM will dtterminc 
rile tower face EM. 

In order to> determine the tower 3, fee 
Jig; 2 ;. in r M, take r S of 5 toifes, draw 
Sm parallel to EM, and equal to 14; in 
O r produced, take Hkewife r n equal to 4, 
and in EM, MV to 8 ; then if the points n, 
m are joined by a right line, and m, V by aa 
arc of 60 degrees, you will have the outline of 
the tower. 

The lines- lO and O r, exprefs two walls, 
dje firft has two embrafures, and the fecond , . 
Aree j by which the author intended to de- 
fend the dry ditch, and &he approach to the 
tower. 

If 
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If from the points C, D, fig. i, there he 
iet off" on the lines of defence 1 4 toifes to the 
points Y, W J and upon each of the bafes YI, 
WK be defcribed an equilateral triangle, the 
angles oppoiite to tbefe bales, will be the cen- 
ters of the higher flanks YI, WK. 

And if R be the interfeftion of the two 
lines of defence, RM bifeacd at S, and RC 
at Q^i by drawing SQj^t/SQR. will be half the 
tenaille ; and drawing from the point C, a line 
parallel to lY, fo as to meet the tower, upon 
which the mean flank is defcribed in ^e hms 
manner as the former. 
Sio.t. The parapets of the three flanks, and 
thofe of the parts m V, VM, of the towers, 
are 24 feet thick ; the other parts M r, r n m, 
but 16 } and all the other parapets ia general 
are 20 feet. 

There is a wet ditch before the mean flank 
of 6 toifes broad, and another z, behind 
the towers of the fame breadth, over which 
are made two draw-bridges, parallel to the 
higher faces. 

The fpace X between the higher and lower 
faces of the baftions is a dry ditch, whofe bot- 
tom is but 6 inches above the furface of the- 
water in the wet ditch. 



Behind 
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Behind the lower parapet there is a ban- 
quette of 3 feet, and a rampart of 5 ; and 
under this rampart a ftone gallery, whicli 
mas from one end to the other, and is 
divided into feveral apartments, which are 
ihut with doors ; as likewife another, going 
from the faliant angle of the lower faces, to 
that of the higher, with loop-holes from 
diftance to diAance facing the dry ditch 3 
there is likewife a row of palifades placed 
parallel to the higher faces, and at 4 toifes 
diftant ftwa them. 

There are three embrafures in O r, as has 
been faid, to flank the ditch z behind the 
towers ; and two in 10 to flank the dry ditch 
near the higher iaces. 

The great ditch is 24 toifes broad ; and 
its counterfcarp parallel to the lower faces of 
the baftions ; ,the femi-gorges OL of the ra- 
velin are 29 toifes, and the faces LP, 45 j the 
dry ditch Y is 16 toifes, the rampart 28 feet, 
and the lower faces a T are parallel to the 
higher ones ; the parapet of which is 20, and 
the banquette 3. 

The level ground of the rampart in the 
ravelin near the faliant angle is 20 feet broad, 
for the length of 20 toifes from that angle, and 
the reft but 15. 

• la 
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In the ^£e of the ravelin b a fmalf te- 
dbubt-if, of about 5 feet high, and anderneath 
O'lod^cnt of i1ones> the waits being iSincIki^ 
thick aE the fides ; the roof is made of plankfi, 
wiUi 3 feet of cajth over them. 

There is a dry ditch going from the ex- 
tremities of the faces to the redoubt, and 
n>un4 its angle, luring a Vow of palifadea 
before, it, to fecure (he retreat from the ra- 
velin into this redoubt ; there is Hkewife an- 
other row going from the extremities of the 
faces, in a round form, turning towards the 
gf>F^& of the ravelin. 

In the dry ditch of the ravelin, within 6 
totfeS frOm the . great ditch^ is a coiFer, and 
a ditch p of 6 toifes before it : this coffer has 
a wall cfoi both iides, and the roof is plankqd 
a'nd covered With a- foot and a half of earth ; 
above this, is a ftonc parapet of 5 feet high, 
vf'idi a banquette behind it.- 

There runs a eovered gallcBy under the ram- 
part of the lower faces, and another joining. 
' the- two-falianE angles, together with a row" of 
palifades, in 'the fame manner as in the dry 
ditch before the baftions. 

The wet diteh before the ravelin is J 8 
toifcsj the counterguards AT,, which the' au- 
thor calls cover-faces, zie 25 feet broad, aoci- 

the 
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jhc ditch before them i4toifesj the covert- 
wiy is 12 toifes broad, and the glacis 20; 
the femi-gorges f g,g h, of the places of arms, 
a^e 22 toifes, apd are tak^n from the point g, 
where the branches of the covert-wray meet; 
an(? the &ce$ f k, h k, arc 28 j within thcfc 
places of arms are traverfes of ao feet thicj^ 
wd f 8 toife? hng, withio j o pr 1 2 feet from, 
and p^^Ilel to the faces. 

The ftone lodgments b, withia the places 
of arms, are found by fetting off, 12 tojfe* 
from the. point g, for th? ftmi-gorge^, an4 
th* faces are drawn pariUcl to thofe of the 
places of arms.' 

At 6 toifes from the plac?s of arms, are cof- 
fcrs q of 8 feet broad, made with planks st 
the fides, and above with a foot of earth pv«r 
and before them. 

There are two banquettes all round the 
covert-way, and before the traverfes ; as alfo 
two rows of palifades before the traverfes, one 
of which joins them, and the other goes round 
the covert-way. 

Laftly, the re-entering angles of the coun- 
terfcarp next to the. covert- way arc made a 
Utile round, as. likcwife that in the ravelin; 
but the contrary way, that is^ they are made 
hollow. 

3 Coti' 
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ConJiruSiion of M. Coehorn*j ficond 
method* 
FLXUI. The author fuppofes an eptagon, whofe 
interior ijde is 126 toifcs, and the level of the 
ground to be 3 feet above the furface of the 
water. 

Let, therefore, the interior fide A B of an 
eptagon be 126 tolfes, take in the capitals, 
AC, BD, each of 72 tolfes ; at the extre- 
mities C, D, make the angles ACE, BDF; 
each, of 40 degrees; and fet off 66 toifes 
for the faces CE, ,DF of the baftions ; on 
the interior fide, take AG, BH, each of 30 
toifes, and from the point D, as center, de- 
fcribe an arc through the point G, on which 
fet ofFa chord of 30 J and on this chord de- 
fcribc the mean flank GI, which is an arc of 
60 degrees. 

Draw a line fi-om the faliant angle D through 
the extremity I of this flank, on which take 
I a of 10 toifes j join a E, on which defcribe 
the oriilon as ufual. 

The outline of the higher flank is 1 3 toiies 
diftant from that of the outline of the mean ; 
this iiank is an arc defcribed from the fame 
center as that of the former, the chord of which 
is 40 toifes. 

From 
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From the points iG, H, draw the broken 
parts of the curtain perpendicular to the ca- • 
pital of the bailionr and make it 9 toifes long ; 
the extremity of the higher flank is terminated 
by the iiifide line of the parapet of the curtain ' 
produced. 

The tenaille is ' found by producing the 
feces of the baftions lo toifes ; through the 
extremity of which, an arc is defcribed from 
-the oppolite faliant angle of the bafllon, as 
centftr j on this arc is let off a chord of 20 
toifes i and this chord ferves to defcribe the 
flank, upon which is an arc of 60 degrees • the 
curtain is a right line. 

There is a wet ditch before the tenaillcs 
of 10 toifes broad, with two bridges at each 
end, near the orillons ; the one direftly over 
it, and the other along the faces of the 
baftion. 

The dry ditch round the body of the place 
is 20 toifes broad, before the faces of the baC- 
tion to which it is parallel, and the lower ram- 
' part KL, 29 feet j the femi-gorges ML are 
15 toifes, and the flanks LN, 18, and are de- 
fcribed from the faliant angles K of the lower 
faces as. centers. 

The faliant angle of the ravelin is 125 
toifes diftant from the curtain of the body 

of 



.■i>, Google 



64 THE -ELEMENTS 

of the place, and is 70 degrees s the fiwes are 
50 toifes long ; the £ices of the redoubt x> 
are 1 6 toi&s dtftaDt ^om thofe of the ravdio, 
and'14 long. 

The wet ditch round the lower ftces of 
the ravelin is 24 toifes broad : the work be- 
yond this ditch, which the author calls the 
fecond counterfcarp, is 20, parallel to the 
ditch. 

To find the broken part of this work, 
join the -two re-entering ang^$, m, r; on 
which take m r, pf 30 toifes, and draw r t, 
r V parallel to the outline of the counterfcarp, 
each equal to 1 2 ; fet oiF 22 from t to s, and 
from V to q ; and upon thele lines as chords 
defcribe the roupd flanks, which are djcs of 60 
• degrees. 

The traverfe.s in this counterfcarp are drawn 
at 1 o toifes from the flanks perpendicular to 
the parapet. . • '. 

The redoubt z in the re-entering angles, arc 
found by fetting off x.6 toifes from the points 
m to n, for their capitals, and the feces are 
parallel to the broken curtain before them : 
thofe marked y, which are in thfrfaliant angles, 
are found by producing the counterfcarps of 
the great ditch, and fetting off 1 2 toifes from 
the points of their interfedions for their &ces 3 

and 
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and the flanks are drawn parallel to their 
capitals. , ■ 

The ditch before this work is 14 toifes; 
as to the covert-way and glacis, they are the 
iame as in the author's firft method. 

ConfiruBion of M, CoehornV third 
method. 

The -author fuppofcs an oftagon, whofe Pi. XIV. 
interior fide AB is no toifes j the fomi- 
gorges A n, Bm, 21 ; the capitals AC, BD, 
of the baftions 64; and the feliant angles 85 
degrees ; the faces CE, DF of the baftions 
54 toifes ; the parts Q^ Qt_ of the tcnaille 
32 ; the lower flanks, that is, thofe of the 
tcnaille, are found by defcribing ares through 
th^ points s, r, from the oppofite faliant \ 
angles DC, on which are zo toifes fct oflf 
as chords ; and thefe chords fervc to defcribe 
arcs of 60 degrees upon, for the required 
flanks. 

From the extremities v, t, of thefe flanks, ^ 
lines are drawn to the oppofite angles D, C, 
and 6 toifes fet off from v to q ; and upon 
q E the orillon is dcfcribed as ufual. 

The higher flanks are deicribed from the 

iame centers, as the lower" through the ex- 

F tremities 
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tremities n, m of the curtain; and their 
chord is 30 toifes. 

The wet ditch before the body of the 
place is 20 toifes, and its counterfcarp pa- 
rallel to the feces of the baiHons. 

The capital VW of the detached baftion 
is 100 toifes ; the faces are direAed to the 
laliant angles of the. inner baftions; the dry- 
ditch behind the lower faces in the detached 
baftions is 20 toifes j and the higher feces 
are parallel to the lower, and 31 toifes lOng r 
the towers x, and the ditch before them, are 
made in the fame manner, as in the firft me- 
thod. To find the flanks, make the iemi- 
gorges Va, Vb, each 38 toifes, and draw 
the chords of thefe flanks parallel to the 
capital VW ; and from the extremities of 
the higher faces draw alfo lines to the for- 
mer,- upon which the flanks are defcribed as 
ufual. 

The countericarp of th& ditch before the 
redoubt z, is drawn from the extremities of 
the fiimks parallel to the faces; and at 6 toifes 
from this, the faces of the redoubt are drawn ; 
4 toifes of which arc cut off for the flanks. 

The ditch before the detached bafl;ion i^ 
24 toifes ; the ravelins* ccmnterguards, covert- 
way. 
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way, and glacis, arc the fame here as in the 
firft method. ■ 

There are little pits or ponds 1, J> dug be- 
tween the higher and lower curtains, to hold- , - 
water, in order to prevent the paffing from 
the tenailfcs to the flanks. 



SECT. III. 

Containing the general Maxims of 
Fortificationy appliedin the Remarks • 
on the preceding Authors^ and others 
mentiontd hereafter, 

IN learning fortification, with an intention , 
to make any fprogrefs in it, it is not fuf- 
ficient to be capable of drawing lines, and to 
know the names of the different works ; but 
it is neceflary to be well acquainted with the 
principles or foundation on which the pcr- 
fetSion and imperfeftion of a work depends ; 
to be able to give reafons for what is done, 
and to be in a condition to judge upon good 
grounds, what is good and what is not fo, 
in the various manners of fortifying, by all 
the different authors who have wrote on this 
fubjca. 

F2 There 
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There are three confiderations enentially 
rtquired in a good and well-ordered fortifica- 
tion, withdut any of which it can never an- 
fwer the ends propofed. 

The firft is, the Expence necelTary -for 
the building of it : for ih^uld that be greater 
than the importance of the place requires, it 
is plain that fach a place would be of no ad- 
vantage. 

The fecond is the Number of troops, to 
guard and ta defend it : for if a place ^ould 
require fo many, as that the eipence, together 
with providing it with artillery, ammunition, ■ 
and ftores, be equal to, or exceed the revenue 
or advwitage arifing from fuch a place, it is 
manifeft, that inftead of being an advan- 
tage, it would be a difadvantage. 

And the third is, the Capacity of the 
town with regard to the fpace taken up by 
the fortification j for if it fhould happen that 
. the town could not contain a fufficient num- 
ber of troops to defend it, befides the inha- 
bitants, it is evident that it may be taken with 
lefs expence than another of fewer works, 
provided with the fame number of troops j 
and therefore, fuch a fortification will not 
anfwer the ends propofed in fortifying it : St. 
Philip'^ Caftle in Minorca is an inftance of 
6 this 
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this fort J and fuch are M. Coehom'i fyftems, 
as we fiiall ihew hereafter. 

If the queftion was only to fortify a town 
ftrongly, withput any other confiderations, 
one might make outworks upon outworks 
without end j but if it is confidered, that a / 
whole ftate might be exhaufted in the build- 
ing of one lingle fortification, and which 
would require a whole army to defend it, it 
will eafily appear, that the ftrength and big- 
nefs of a fortified place ought abfolutely to 
depend on the importance it will prove to a 
nation. 

Befides the general confiderations, tbers 

arc feveral particular ones -, which are necef* 

, iary in the well-ordering all the difi^erent parts, 

fo as to make the beft defence that can be fot 

a place of that expence. 

I . There ought to be no part, but what 
can be fcen or defended by fome other j 
which in the phrafe of fortification is, all 
parts ftiould flank each other reciprocally ■ 
for flanking or defending is the fame thing. 

For if there is any part that is not feen or 
defended, the enemy might approach that 
way under cover, and make themfelvcs me- 
ters of it, without much trouble orlofs. 

F 3 .' . 2. The 
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2. The defence of e^^ery part fiiould ba 
■ always, within the reach of mufket-fhot, {9 

as to be defended both by great and fmall 
fire armsj for if it be only defended by 
cannon, the enemy may difmount them by 
the fuperiority of theirs, and then the de- 
fence would be dcftroyed at once ; whereas, 
if a work is likewife defended by fmall arms, 
then, if the one is deftroyed, the other will 
Ml fubfi.ft. 

3. All the defences ftiould be as nearly 
diredt as poflible ; for it has been found by 
experience, that the foldiers will fire direflly 
before them, without troubling themfelves 
whether they do execution or not j there are 
other advantages in a direct defence, as we 
fhall prove in the following propofitions. 

4. A fortification fhould he equally ftrong 
on all fidea, otherwife the enemy may attack 
it in the weakeft part, whereby its, ftrei^th 
would become ufelefs. 

In a regular fortification where all fid6s are 
equally fortified, it cannot happen otherwife 
than to be every where equally ftrong : but it 
is not fo in the irregular, which requires great 
ikill and knowledge te make a place fo j and 
no author, that* I know, has flicwn hpw, 
and ;n what manner, we are (o judge of the 
ftrengtl^ 
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ftrength of the fevcral parts in fuch a fortifi- 
cation, although they all agree to the unport- 
ance of that maxim. 

There are commonly fevcral other maxims 
.^iven by authors, which, in my opinion, 
ought rather to be proved, than only ^f- 
ferted. 

Proposition I. 

Of two batteries which have equal fronts, 
that whofe fire is diredt is the moft advan- 
tageous. 

For let AB be an objeft to be fired at, PlateXV. 
from the battery CD equal in front j then I - 
iay, that this 'battery CD, which is directly 
oppofite to AB, is more advantageous than 
any oblique one, as CL, whatfoever. * 

For if CD be divided into any number 
of equal parts, fuch as c a, a b, ^c. and from 
thefe points perpendiculars are drawn to CD, 
interfeiSing CL, In c, d, (^c. then, if each 
(jf thefe parts of CD is thefpace neceflaryfcr 
one gun, or for one man j it is evident, that 
each of the correfponding parts C c, c d, of CJl., 
will likewife be neceflary for one gun, or for 
one man : from whence it refylts, that there 
^ran be no more guns or men placed on the 
F 4 oblique 
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oblique battery CL, fo as to fire at the object 
AB, than on the direft one CD. 

Now becaufe the oblique battery CL is 
ionger, and therefore of more cxpence than 
the direft one CD; and as the troops placed. 
on the battery CL, fire with more uncer- 
tainty, cfpecially when they are in a hurry, 
and in danger, than if they were placed be- 
hind CD, where they only fire dire£tly for- 
ward ; it evidently follows, that the dire(a: 
battery CD is more advantageous than any 
oblique one whatfoever. 

Is/.B. As the parapets are 3 toifes, or 18 
feet thick, it is not only uncertain, that ' the 
foldrers in a hurry fire at an objeft obliquely 
fituatcd, but hkewife very difficult and trou- 
blefome j fo that befides the advantage of « 
(liredt defence, mentioned in the laft propofi-! 
tion, this one is a§ much eflential as any. 

Proposition II, * 

If the objeft AB be a counter-battery, 
the direct battery CD is ftill preferable to 
any oblique one CL whatfoever. 

Let BE be perpendicular to CL produ- 
ced > th^n the force, whereby a capjion-fhot 
from 
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frMn the battety AB would ftrifce the bat- 
tery CD, is to the force it would ftrike the' 
oblique battery CL, as BL to BE ; or becaufe 
of the finiilar triangles BLE, OLD, as CL to 
CD ; that is, reciprocally as the lengths of die 
batteries. 

But the refinances of the batteries are je- 
ciprocally as the forces whereby they are 
ftruck, and therefore diredlly as the lengths or 
cxpences. 

But the refi'ftances of thefe batteries are 
only at the beginning, as the expencesj for 
as foon as the leaft breach is made in the wall, 
they are nearly equal': befides, if the guns 
of the battery AB fire dire(3:ly, as theyeafily 
may, except the battery CL is very oblique, 
the refiftances will be equal from the begin- 
ning ; and as the guns are as eafily difmounted , 
on the oblique battery CL, as on the dire{3: 
one CD, it evidently follows, that the diredt 
battery CD, is more advantageous, than the 
pblique one CL. 

Corollary. 

From whence it follows, i*. that if the pig. 2i 
fire from the battery CD is to be direfted 
towards a point A, the battery CD ought to 

be 
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be an arc of a circle, dcfcribed from that point 
■A, as center. 

■ 2*. And if the fire from the battery CD 
■is to be direfled to a line EF, of a greata: 
or leffer extent than the battery, it ought 
again to be an arc of a circle, fuch that the 
radii CA, DA, drawn from its extremities, 
ihalt pafs through the extremities E, F of 
the objcfV, and make equal angles there- 
with. 

Problem. 

To determine the feveral parts of a front 
of a fortification. 

»ig. J. I. It is evident, that every part of the 

front AEFGHB, difpofed in the manner 
defcribed before, is feen and defended by 
feme other part, as well as the ditch before 
iti for the flank GH, defends the ditch 
r from the perpendicular CD to the face EA 

produced, as well as that fece itfelf; the 
flank EF and half the curtain, and the flank 
EF defends the other half of the ditch from 
CD to the face HB produced, that face the 
flank HG and half the curtain ; and confe- 
quently no" part of this front can be approached, 
without being feen and defended by fome other 
part. 

II. Tho 
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II. The next thing to be confidered, is th» 
length of the lines of defence AG, FB, which 
fome will have to be within mufket-lhot, and 
others longer; the firfl fay, that the principal 
ftrength of a fortification confifts in the ufe 
of fmall arms, becaufe the guns fire but 
flowly, are foon difmountcd, and require 
much time to be remounted ; whereas the 
fire from ■ fmall arms is very briJk, and when 
one man is killed, another takes his place im- 
mediatelyj this is anfwered, that cannon docs 
greater execution, and requires much trouble 
to make an epaulement to reiift their force, 
whereas a moderate epaulement is a fufE- 
' cient-covcr againft fmall arms : befides, when 
the lines of defence are of a fufficient length, 
the feveral parts of the fortification become ; 

fpacipus and more convenient for placing 
both more guns and men in them; it alfo ' 

obliges the enemy to extend their trenches 
much farther, than if thefe lines were 
ihorter. 

But it is evident that, although the lines 
of defence are within mufket-fliot, there may 
be placed both fo many men and cannon as 
&re neceffary to defend the works ; and the 
works are likewife fpacious eiipugh for all other 
purpofcs, 

From 



■ i>, Google 



76 THE ELEMENTS 

From whence it is concluded, that the 
length of the lines of defence (hould not ex- 
coed the reach of muHcet-fhot, which is com- 
monly obferved now-a-days j except when 
the front lies near a great river, and can hardly 
be attacked on that fide, there they are often 
made longer. 

It has been found by experience that a com- 
mon mufket-fhot will hardly kill a man at a 
greater diftance than i6o fathoms Englilh 
meafure; and therefore the lines of defence 
ought not to exceed that length when the front 
can he approached. 

III. The length of the faces AE. BH 
fhould be fuch, that the flanks are of a fuf- 
ficient length, and the gorges of the baftionB 
, not too narrow : they arc never made lefs 

, than 50 toifes, nor greater than 70, in a for- 

tification whofe exterior fide is 180 toifes or 
upwards. 

But as to the length of the perpendicular 
CD, it is no ways determined ; for fome 
engineers make it twice as long as others ; 
they feem indeed to differ from one another 
merely out of contradlftlon ; fince none of 
them, that I know of, has given any reafons 
for this pradice ; although it be plain, that 
the longer this perpendicular is, the greater 

the 
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the Hanks will be* and therefore the defence To 
much the greater likewjfe. , 

But then the expences increafe alfo in pro- 
portion, and confequently the length of die 
perpendicular fliould be determined accord- 
ing to the expencc which a Hate will be \ 
at, and according to the importance of the 
place. 

IV. The pofition of the flanks is no more 
certain than the reft, fince almoil all engi- 
neers differ from one another in that refpeit : 
although it is evident that there muft be a 
certain and deternlined pofition better than any 
other. 

For if their ufe be confidered, the pofi- 
tion will eafily be known, as they are to de- 
fend the ditch before them : and it is a receiv- 
ed maxim in fortification, that the dired de- 
fence is the beft ; and we have proved in the 
two foregoing propofitions, that it has fevcral 
advantages above an oblique one : it follows 
from the corollary after thefe propofitions, 
that the flanks ftiould be an arc of a circle 
defcribed from the point of interfedlion, of 
the line of defence and oppofite countcr- 
fcarp produced, as center: or, becaufe this 
arc differs but little from its chord, a right 
line which makes equal angles with the 

line 
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line of defence, and the counterfcarp pro- 
duced. 

Having thus determined the feveral parts of 
a front, we /hall proceed to our exatninatioa 
of the feveral parts of the two foregoing au- 
thors fortifications. ' 

Remarks on M. VaubanV Jirfl 
Method, 

This method is very fimple, eafily con- 
ftrufted, takes up but little ground, fince the 
inward fpace left for buildings is to the fpace 
taken up by the fortification, comprehend- 
ing ravelins and covert-way, as 970 to 1622 
nearly; that is, the fortification takes up 
about one and a half more ground than the 
buildings : it is free from all furprizes, by its 
ftone revetements, requires not many men to 
defend it, by the contiguity of its works, and 
is of very good defence, efpccially when fome 
out'works are added ; fuch as counterguards 
before the baftions, lunettes, or tenaillons, to 
cover and defend the ravelins. • 

But it mull be confefled that his flanks arc 
too fmall, fince the enemy can always ercfl: 
counter-batteries fuperior to them, as M. Coe- 
i$tfr« obferves (pag. n. Engliih edit.); but 

with 
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■with regard to the battery, which he pretends 
to place in the ravehn, it is only a conceit, to 
impole upon the incautious reader; fmce the 
fire from the whole curtain can always deftroy . 
that battery, as being much fuperior to it, and 
which cannot be filcnced till the ravelin is 
taken and a battery eredted in it. 

The pofition of his flanks come pretty near 
to the true one, fince the difference between 
the angles made by the flank,. and the lines 
of defence", and counterfcarp produced, is hut 
about 2 degrees, which is inconfiderable in 
praftice. 

. The- manner of making retired flanks co- 
vered with orillons, is very good ; becaule the, 
flanks cannot be difcovered by any oblique 
batteries, and there may be a gun placed be- 
hind the-orillon, which can be feen from no 
where elie than from the breaph in the oppo- 
fite face of the bafl:ion. 

But for what reafon he makes his retired 
flanks to be a circular arc of 60 degrees, is 
inconceivable to me ; iince flanks are made 
for no other purpofes, that I can find, than 
to defend tha oppofite ditch j they ought evi- 
dently to be fuch arcs as we have demon- 
ftrated in the preceding pr9blem, or right 
lines, which, make eqi^al angles w-ith the 

line 
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4ine of defence and counterfcarp produced. 
But inftead of defending the .ditch i^ireftly, 
they defend all the part of the fortification 
contained within the angle QpR, made by 
the radii n p, m p produced j fo that it feems 
as if thefe flanks were made quite for other 
purpofes than to defend the ditch ; and what 
is more furprifing ftill, all modern engineers ' 
follow him, as if it were the beft defence 
that could have been invented j which plainly 
ihews, when men go upon uncertain princi- 
ples, how eafily they are led into error. It is 
true, they imagine to get more room by mak- 
ing this fort of flanks, and that they refift bet- 
ter the fire of the enemy. 

But thefe pretended advantages are found- 
ed upon as erroneous principles as the refl: j 
for we have proved, that the flank made upon 
its chord will contain as many guns as that 
made on the arc itfelf, and refifts better than 
the curved flank j as is eafily demonftrated by 
mechanics. 

His capital ditch - is too wide ; for if it 
were but about i6 toifes at the faliant angles 
of the baftionSj and from thence drawn to 
the inner angles of the parapets at the Shoul- 
ders, the flanks would then not be fo much, 
' expofed as they are now, and there would 

be 
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he lefs room on the glacis to ereit counter- 
batteries. 

We have ihewn the general ufefulnefs of 
tenailles, after their conftrudllon j as likewife 
-their peifedtions and imperfe(ftions. 

As the ravelins are chiefly made to covejr 
the flanks and curtain, M. Vauban ought not 
to terminate their faces on the fboulders of 
tlie baftions, but rather 3 or 4 toifes beyond 
ihem : thofe of the fecond fort are ftill worfc, 
becaufe their flanks lay the flanks of the ba- 
ftions ftill more open than the firfl: : the ' 
third fort, which have redoubts within them, 
jare the befl:j for they fecure a retreat to the 
.troops in the ravelin, and the enemy .is obliged 
to raife a battery in the raveUn to defliroy the 
-jedoubt; it takes likewife a good deal of 
ground from the befiegers, who cannot ther'e- 
'fore eredt fuch large batteries in them, againft 
;the curtain or flanks. 

The lunettes are of a very good defence, 
cfpecially whpn there is a bonnet to cover the 
ialiant angle of the ravelin, as we have men- 
tioned, in their conftruftion : the fame thing 
«nay be faid in regard to the tenaillons. 

Inftcad of making the femi-gorges of the 

bonnet 15 toifes, I would make them but 

8 or JO at jnoft, whereby the defence of 

G its 
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its ditch and covert-way would be greater, 
and the beiiegers 'would find lefs-room in 
them for batteries. 

The feces of the lunettes fliould be one 
perpendicular to the face of the ravelin, and 
the other to that of the baftion, in order to 
be defended in a direct manner, which ought 
to be obferved in all works, if poffible. 

Some authors objeifl againft the lunettes, 
on account that the ditch, which is defended 
by the ravelin, has no defence left as foon as 
the ravelin is taken j but as it is hardly poffi- 
ble to take the -ravelin without being firft 
mafter- of the lunettes, their objeftion is df 
no confequencej and fhould the befiegers 
be imprudent enough to pafs by the lunettes 
without taking them, they muft certainly 
fuffer much more than if they had. 

The counterguards before the ravelins 
arc but feldom made ; for a redoubt within 
the ravelin anfwers the fame purpofe, and 
is lefs expenfive : but as to thofe before the 
baftions, they are fome of the heft of all 
outworks, when they are well conftrufted j 
fince the enemy cannot pretend to tnake a 
breach in the baftion, nor deftroy the flanks 
before they are mafters of the counterguard j 
and then they have not a fufficient ground to 
make 
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ftiake batteries in them to deftroy the flanks 
and make a breach. 

All tenaillons and counterguards fliould 
have retrenchments, fuch as that markt by 
the letter K, fig. 6, in the fecond plate : for 
by this means their defence becomes much 
more conliderable than without them. This 
the French have done in the counterguards 
lately conftrufted before the baflions at hilkt 
and in the tenaillons at the front, which was 
attackt by Prince Eugene and the Duke of, 
Marlborough in Queen Anne^ war; when 
thefe tenaillons made one of the beil defences 
that ever was known. 

M. Blondei, and after him M. Coehorn, 
make their ramparts fo narrow, as to leave 
no room to place guns upon them ; and this 
is to prevent the befiegers from eredling bat- 
teries there, whereby they will be obliged to 
bring earth from the covert-way, in order 
to deftroy the flanks. But as thefe counter- 
guards are only defended in the front by fmall 
arms, they can make no great refiftance ; 
befides, the befiegers may make "a few mines 
under them, and fo blow up as much as 
will difcover the faces and flanks from the 
covert-way ; whereas, if their ramparts are 
7 or 8 toifes broad, they cannot be deftroyed 
G 2 by 
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by mines ; and there will nevcrthekis not be 
fufficient room to ered batteries in them 
to deftroy the flanks. 

I would cbuTe to make thefe counterguards 
as high as the baflions thcmfelves, in order 
that the enemy might not difcovcr the ba- 
ftions but from witbin the counterguards; 
by which means the fire of the whole baftion 
would defend the counterguards in fuch a 
manner, as to make it almoil impoilible to 
make any lodgment there. 

The horn and crown works are chiefly 
made to take away a fpot of ground which 
might be advantageous to the enemy ; to 
cover the gates of a town, or to build ftore- 
houfes and hofpitals in them. 

The flanks are too fmall, as well as the 
fronts themfelves, and the ditches before the 
branches are too obliquely defended: the 
retrenchments made in them are very good» 
to retire behind when the work is taken, 
and to difturb the lodgments made there. 

Thefe kind of works ought never to be 
made but upon the above-mentioned occa- 
fions; for their building is very expenfivc 
and cheaper works would be of a much bet- 
ter defence j notwithftanding M. Vauban has 
too profufely made them, in the fortiflca- 
6 tiont 
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tions of Tournay, Ipres, and In feveral other 
places i and placed them often fo near each 
other, as would incline one to believe, that 
he rather intended more to terrify an ene- 
my by their number, than to ftrengthen the 
place. 

The covert-way feems to be of a fuffi- 
cient breadth to contain the neceflary troops 
to defend them, and the traverfes are ab- 
folutely neceflary for their defence ; con- 
trary to the opinions of M. Coehorn and 
others ; for without them the covert-way 
tnay be ^nfiladed" by the ricochet batteries, 
from one end to the other : befides, when 
the faliant angle is attacked, the befieged 
have a fccure retreat behind them ; and fo 
may be defended to the laft extremity j ex- 
perience has fuffici^ntly proved their ufeful- 
nefs, for at hijle a travcrfe was three times 
taken and retaken. 

M. Vauban invented three different man- 
ners of covering the pafTages round the tra- 
verfes at the faliant angles, the one by cut- 
ting the paffes out of the glacis, as in plates 
VIII. and IX, the other by making a kind of 
ihoulder before them, and the third in the 
form of the teeth of a faw, which he calls 
en Cremailky fo as the paflage may be feen 
G 3 and 
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and defended from behind the traverfe v/hich 
forms the place of arms at the re-entering 
angle ; which is undoubtedly preferable to 
the, other two, and has been praiftifed in all 
the fortifications built in Utter times. 

I am not ignorant that the whole front 
of the covert- way is fometimes attacked at 
once J in fuch a cafe the Iraverfes feem to 
be ufelefs ; but as this only happens when 
the garrifon is very weak, or the enemy 
prefumptuous and unikilful, they generally 
,pay dear for their rafhndfs, and feldom can 
maintain their ground. Befides, the befiegers 
may drive the troops out of the covert-way 
with their ricochet batteries, when they are 
as yet far off, fo that it is of no manner of 
ufe after the fecond or third day of the at-- 
tackj but to prevent the traverfes being ufe- 
fiil to the befiegers in covering them, I would 
chufe to make. a fmall mine under them, 
and when they can no longer be defended, 
to blow them up. 

The arrows and detached redoubts are of 
no great expence ; and neverthelefs are very 
good in hindering the enemy from beginning 
their trenches too near, and to difturb them 
in their approaches j but the redoubts are 
liable to be furreunded by the trenches and 
taken 
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taken by the gorge, if they are not well 
protedted from the covert-way or feme other 
' outwork ; for which reafon they fliould never 
be farther from the covert-way than about ' 
50 toifes ; and if they were mined fo as to 
be blown up when they can be no longer 
defended, they would aiford no 'flieher to 
the enemy when they are taken. 

As to the fecond ditch and covert-way, 
they being works only made of earth, are 
of no great expence, and yet may make a 
very good defence, efpecially when, the flope 
of the firil glacis goes as low as the furface 
of the water j or when the water can be raifed 
in time of a fiege, fo as to overflow the beft 
psrt of the firft glacis; it would oblige the 
enemies to bring earth from the fecond gla- 
cis to retrench themfelves upon the iirft, 
which would coft them a good deal of time 
and trouble ; and as this muft be done under 
the grazing Are of the covert-way, it could 
not be done without much coft and danger ; 
th^ fecond covert- way ftiould be not above, 
a foot above the furface of the water in the 
ditch, to oblige the enemy to bring fearth 
for making their trenches in it. 

IVI. Vaubanvf%% fo fenlible of the goodnefa 

of thefe works, that he never failed to make 

G 4 then* 
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them where-ever he found the ground con- 
venient for it ; as may be feen at Sarre Louis,, 
at the city of Lijle, and in other places. 

Remarks on M. Vauban'xT^cW 
and third methods. 

The defign of the fecond method is to for- 
tify an old town already inclofed by a ram- 
part; and it is for that reafon that he, begins 
within and fortifies outwards, contrary to his 
other methods, as being more convenient in 
this cafe : the tower-baftions are joined to the 
old wall, and have underneath a magazine 
■ in the form of a crofs ; all round this maga- 
zine are cafemats, or cellars, to hold both 
men and guns ; thofe in the flanks have each 
an embrafure which opens into the ditch» 
and thofe in the faces have embrafures fo as 
to fire out of one into the other when taken 
by the enemy; and above is a parapet of i2 
feet thick with embrafures, as may be feea 
in piate XI, where a plan and feftion of a 
tower-baftion is reprefented. 

As thefe towers are almoft a folid bulk 

of mafonry, they muft be of great expence, 

though their refiftance can be but little j for 

it has been found by experience, that the cafe- ■ 

mats 
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mats are but of little ufe, becaufe as foon as 
they have fired, once or twice, the fraoak'^iU 
oblige the defenders to leave them, notwith- 
ftanding their fmoak-holes. 

In my opinion, inftead of attacking the 
towers themfelves, the ramparts near the 
flanks of the counterguards may be attacked ; 
and then the flanks of the tow'ers may be 
deftr'oyed by the guns placed on. the flanks 
oppofite to them, which are already made for 
that purpofe, and want nothing elfe but cm- 
brafures. 

It may be concluded, that the ftrengA 
of thefe towers does by no means anfwer 
their expences, and that if fmall ballions 
were made inftead of them, without cafe- 
mats, they would be much better, and of lefs 
expence. 

As to the counterguards, they are very good, 
and may be defended to the utmoft extremity 
without expofing the town to he taken by 
ftorm; but their flanks are too fmall, and are 
cafily deftroyed from the oppolite covert- way; 
there fliould either be two, or if- but one, it 
fliould be pretty large. 

M. Vauban confidering, that as foon as a 

breach was made in the faces of the baftions, 

and the paflage over the ditch finiflied, the 

garrifQn 
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garrifon is always obliged to capitulate, 
whereby the little defence they make by no 
means anfwers the great expence in con- 
ftrudtlng them, rightly judged, that if they 
were detached, it would be much better ; 
for by this means they may be defended inch 
by inch to the very laft, without expofing 
, the town. 

For thefe reafons M. Vauban invented his 
third method ; but as it differs only from 
the former in having two fmall flanks in each 
curtain of about 4 toifes, which can hardly 
hold two guns each, and therefore add no 
great ftrength, the fame exception which wo 
made againft the fecond method, may be made 
likewife againft this. 

M. Vauban has been cenfured for making 
flanks to his ravelins in thefe two lart me- 
thods J becaufe the flanks of the counter- 
guards are faid to be obliquely feen thereby, 
from the covert-way before the ravelin. But 
as they can be feen only under a very fmall 
angle, they cannot receive any damage from 
thence ; and thefe flanks defend the faliant 
angle of the counterguards extremely well ; 
this objedion has not the leaft foundation, 
I may venture to fay tliat all the works of the 
fecond and third method are as properly made, 

and 
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and may make as good a defence as could 
be wifhed ; the tower-baftions and the imall 
flanks in the third excepted. 

Remarks on M. Coehorn*^ _y?r^ 
method* 

Before we enter into any particulars of this 
method, it is neceflary the reader Jhould 
know, that M. Coehorn wrote his book be- ■ 
fore he had acquired that great experience, 
for which he has been fo juftly efleemed 
one of the greateft engineers that ever was> 
in order that they may not be mifled by the 
exceffive prajfes beftowed by fome authors, 
on account of his works which are publifhed, 
although iihpradicable in themfclves, and 
undoi^btedly thought fo by M. Coehorn him- 
felf, after' he was a better judge of fortifica- . 
tion, as evidently appears by the towns he for- 
tified afterwards ; for if he had thought that 
his works could really make that prodigious 
defence, which he pretends in his writings, it 
would be very ftrange, that he fhould not have 
made ufe of them, when he had an opportunity 
to do it. 

Having thus (hewn in general, that the 
author himfelf difapproved his works ; wc 

fliall 
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fliall now proceed to fhew the advantages and 
difadvantages of the particular parts. 

We ihall begin with ihewing that the ex- 
pence which he pretends to be much Icfs in 
the building of this fortification, than that of 
~^the French method, is not fo inconfiderabic 
as he fain would perfuade the world : firft 
the room within for buildings, is to that 
taken up by the fortification, as one to three 
nearly, rather more than lefs ; and as he 
makes his inward polygon equal to that of 
JA.Fatiian's exagon j and we have found, 
that the inward polygon is to the fpace taken 
np by the fortification, as unity to if j the 
fortification of M. Coihorn\ method takes up 
juft as much ground again as that of M. Vau- 
^iZ», and therefore double the- expence for re- 
moving the earth j but then he fays, that 
much lefs mafonry is required here than there, 
and it is upon this he grounds his frugality ; 
but it has been found by experience, that 
works of earth coft as much in time, as thofe 
made of ftone, on account of their continual 
repairing ; fo that in the whole it appears, 
that M. Coe'joriis cxngon cofts rnore, or at 
leaft as much as M. Vauban'% exagon; then 
if we confidcr the lownefs of thefe works, 
and how eafiiy they may be furprifed, they 

will. 



.■i>, Google 



OF FORTIFICATION. , 93 

will require at leaft three times the number 
of troops and ammunition to defend them, 
as the French one. 

For when a' place is out of danger from be- 
ing furprifcd, there requires but a few troops 
to guard the works which are not attacked ; 
whereas, on the contrary, the others muft be 
every where equally guarded ; otherwif* the 
beliegers may make a iham attack on one fide 
to draw the befieged that way, and furprifc 
ibme of the works on fome other fide. 

The next thing is to examine whether the 
■ different wwks are conftrudled in the beft 
manner : firft, as to tlie upper and mean flanks, 
they feem to be the only thing the author bor- 
rowed from the French, and is juft the worft 
of all M. Vaubari% works, as we have fhewrt 
heretofore : the curtain of the tenaille would 
have been better ftraight than crooked ; the 
towers being but fmall, and a 'parapet quite 
round them, are very dangerous, and a fair 
mark for throwing fliells, by which there is 
no fecurity for thofe within; the dry ditches 
and lower feces of the baftions and ravelin 
are eafily enfiladed "by the ricochet batteries: 
and the palifades placed in them, to fecure 
a fefe retreat, are very dangerous ; becaufe 
if a Ihot hits them, the fpliaters wilt do more 

mif- 
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naifchief than the ihot itfelf j as to the cafe- 
mats in the towers, they are very bad, as we 
have fhewn before, fpeaking of the tower- 
' baftions ; the ftone galleries made under the 
ramparts of the lower faces of the baftions 
and ravelins, feem to be ufelefs, on account 
of the fmoak, for the fame reafon as all cafe- 
mats arc J and if fome grenadiers go between 
the loop-holes and fling a few grenades into 
them,theymuft infallibly deftroy thofe within. 

The redoubt in the gorge of the ravelin is 
of excellent ufe to fecure a fafe retreat to 
the befieged, which is in my opinion of the 
greateft confequence j for if the troops have 
no retreat, they can never defend a work fo, 
well as they might do otherwife. 

The wet ditch before the lodgment and 
the dry ditch of the ravelin, ar? in a wrong 
place, fince they are direftly oppoiite to the 
ditch before the counterguards ; and thefe 
lodgments themfelves being only a ftone wall, 
are eafily deftroyed by the ricochet batteries. 
- The rampart of the counterguards being 
only 28 feet broad, including the parapet, 
they are eafily deftroyed by mines, as we 
have mentioned before, fpeaking of counter- 
guards; no cannon can be placed in them j 
neither are their ditches defended by cannon, 
except 
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except from the higher faces of the ravelin ; 
and as to the covert-way, it is by much too 
fpacious, and liable to be enfiladed from the 
beginning of the fiege, by the ricochet bat- 
teries placed before the iirft parallel} fo that 
of this fpacious work, there are only the 
places of arms which can make a defence; 
the redoubts in the places of arms being in- 
clofed quite round, are dangerous to defend, 
for a few fiiells thrown into them mull in- 
evitably deftroy tbofe within, or oblige them 
to quit the work ; and they are contrary to 
the general maxim of fortification, that no 
part whatfoever fhould be fo as not to be 
feen or flanked by fome other j but here, if 
the enemy gets once poffeffion of thefe re- 
doubts, the walls near the counterfcarp will 
cover them in fuch a manner, as not to be 
feen from any part of the fortification. 

As to the coffers made in the glacis, they 
cannot much retard the approaches of the 
enemy, being only defended by fmall arms ; 
fo that a few gabions filled with earth will 
eafily cover the befiegers againft the fire of 
thefe works. 

It is moft certain, that when M. Coehorn 
publiflied his book, he knew nothing of the 
ricochet firing, the invention of which being 

of 
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of later date j and therefore was not aware of 
the inconveniencies which attend now-a-days 
thefe low works ; otherwJfe be would never 
have made ufe of them ; and it is undoubtedly 
for this reafon, that he never put them in 
practice afterward?, when he was acquainted 
with this manner of firing ; the manner of 
fortifying Bergen-op-zoofn differs fo little from 
M. Vauban\ fiVft method with orlllons, that 
I took it for the very fame till I was better 
informed ; and this place is undoubtedly a 
mafter-prece of art. 

The comparing of this method with the 
'French exagon, fortified with ravelin and 
covert-way only, is . not juft ; for the one 
takes up twice as much ground, and requires 
^bout three times more troops to defend it 
than the other, and therefore tliere ought 
to be no more comparifon between them* 
than there is between a place of few works, 
and another of a great many; but to make 
the cqmparifon juft, the author ihould have 
compared his exagon with a French one of an 
equal number of works. 

M. Coehorn's fecond and third methods 

are abfolutely impracticable ; for their fbrti- 

iication takes up five times as much ground 

as the town ; and therefore the town would 

hardly 
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liardly hold inore people, than the num- 
ber of troops requir-ed to defend the fortifi- 
cation, befides the ftore-houfes for die pro- 
digious number c^ artillery and ftpres. 

As we have flicwn the faults M- Cdehorn 
has committed in his works, which he has 
publiihed before he acquired that great know- 
ledge for which he "is fo juftly eftecmed as 
one of the greateft engineers, juftice requires 
rfiat wc ihould Kkcwifc mention his extraor- 
dinary ifcill fliewn in fortifying Bergen-op" 
zoofiti which is one of the heft contrived 
fortifications in all Europe. 

Having thus finifhed our examination o( 
the methods of the two moft celebrated au- 
thors, we fhall now proceed to fhew, in what 
manner the fevcral parts of the body of the 
place are to be conftruflied, fo as to be ca- 
piable of the beft defence, proportionabiy ■ 
to the cxpence. . ' 

A nsfw ConftruSiion, 

Let AB be the exterior fide of any length, >i, xv. ' 
fuppofe 1 80 toifes j make the perpendicular ^* !• 
CI> of any length, as the 6th, jth, or 4th 
paft of the exterior fide, according to the 
cx|)ence ot impdrtmcc of the place i here, 
H - it 
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it is the 6th part or 30 toifes, fet off 50 
toifcs or more for the faces BH, AE, or 
rather r of the exterior fide ; from the 
faliant angle A dcfcribe an arc with the ra- 
dius AI of zotoifes, that is, 2 or 3 toiftsmore 
than* the breadth of the ditch; draw from 
the oppofite fhoulder H a tangent HI to that 
arc, and from the angle A the indefinite lina 
Ab parallel to that tangent ; then if from the 
allele A, as center, an arc a b be defcribed 
with any radius, the flank GH is drawn 
parallel to the chord a b : one of the flanks 
being thus found, the others will be found 
by taking the diftance DG, between the 
perpendicular and the angle of the flank, and 
carrying it from the extremities of all the 
perpendiculars on the lines of defence, as 
from D to F ; this being done, the counter- 
fcarp of the ditch is drawn parallel to the 
line HI or to Ab; and having the point 
or re-entring angle O, its diftance from the 
extremity of the perpendicular, being carried 
all round, will give the re-entring anglts be- 
fore the other fronts. 

; The tenailles h k, which M. Belidor has 
invented, and called them Rams-borns, are 
defcribed, by fetting off 3 toifes" from the 
fhouldcr Q_of the baflion to the .point h, and 
drawing 
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drawing hf perpendicular to the line of de- 
fence ; then its interfctSion f, with the other 
line of defence produced, will be the center 
of the arc hk. 

To conflruB the Ravelin. 

Set off 12 or 15 toifes from. the fhoulder 
E to the point' r, in the face of the baftion, 
■and from the angle G of the flank* as center, 
defcribe an arc through the point r, meet- 
ing the perpendicular CD produced at L ; 
from this point L draw the faces, fo as 
■when produced to fall on the faces of the 
baftions within 3 toifes of the fhouiders ; the 
ditch of the ravelin is 1 2 toifes. 

To conflruEi Retired Flanks. 

Find the flank QR as before, on which 
fet off 5 or 6 toifes for the Ihoulder or oril- 
lons J and from a point g in the oppofite 
fece of the bailion at 5 toifes from thp fa- 
liant angle B, draw the broken part of the 
flank ; then draw the retired flank parallel 
to the lipe QR, at 5 toifes diftant from it : 
the orillon may be made round In the man- 
ner of M. FaubariSf if it be thought proper. 
H 2 Remarks 

n,.,i,,=-,>,Gt.X)'^lc''' 
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Remarks on this (hnJiruBiotti 

Thl? confthidlton Is general, let the exte- 
rior fide AB be what it will; the flanks make 
equal angles with the line of defence and 
thecounterfcarp produced, and ■therefore de- 
fend the ditch in the moll diredl manner; 
the counterfcarp terminates at the inner an- 
gle of the fhoulder, fo that the gun placed ia 
that angle grazes all along the countericarp: 
the ravelin is of a due j)roportjon, its &- 
liant angle is neither too narrow nor too open, 
and its faces cover the flank of the baftions 
fufiiciently from being {zt.n obliquely. 

The oriUons ai-e made 5 toifes long on- 
Jy, which appears to me fufficSient for co-r- 
vering the retired flanks, and by making 
them fo, the flanks are larger dian if they 
were made .9 toifes, as M. Vauban'% : the 
rams-horns have feveral advantages over the 
common tenaillcs, they cannot be enfiladed, 
leave more room bet,ween them and the 
flanks," fo that tlie IruhbiOi from the flanks 
do not incommode the troops in the ranis- 
horns j and being circular, they fee not only 
the -ditch direftly, but likewifc the level 
gr»und of the ravelins, and the oppofite co- 
vert-way ; they alfo refill the oppo0fe bat- 
teries 
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• tcriesmuch better, and are of lefs expence in 
*heir conftruflion, and tlierefore preferable in 
al} refpedls to the common tenaiUes. 

Ifthefe flanks are not thought Aifficient, 
anpther might be «iade behind them, m 
any polygon above An exagon, without mak- 
ing the gorges of the baftions- too narrow; 
there might even be made another in an ex- 
agon, provided the firftbe only 20 feet retir- ' 
■cd, and this would be fafficlent to cover it. 

By ^wing t^ line which terminates the 
retired flank from a point 'g within five, or 
rather ten totfes from the faliant ^iigle B of 
the oppofite baftion, a gun may be placed 
at the extremity of that flunJ;, which fees 
into the breach made in the face AE, and 
which cannot be feen from any part of the 
oppofite covert- way, and therefore cannot 
be difmounted b^t by mortars, which is .not 
fo eafily done. 

7h conflruB Horn and Crtymn-worh. 

When there is a neceffity to conftradt pf. xvL 
horn or cro'wn-works.^either to cover a gate, ^'S- '■ 
or to occupy a fpot of ground which might 
, be advantageous to the befiegers, and which 
can no other way be taken into the fortifica- 
tion; then the diftance AD from the front of 
H3 the 
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the horn-work to the Olunt angle A, of the 
ravelin or baition, ih^ulj not exceed loo 
toi'es, wtherwil'e the branciies cannut be well 
defended by the cp/ontc faces ot ihc baftions 
or ravelins ; tiicy liioaid only be about 8o> 
as in this figure, it' it may be done ; the 
front EDF is 120 toifes; the ferptrndicu- 
lar DC one filth part of the exterior Cde^ 
that is, 24) and the faces 30 ; and To in pro- 
portion to the exterior fide: th^ arc defcribed, 
for finding the pofition of the retired flanks» 
/hould have a radius of 15 toifes, and the 
ditch 1 2 i that the countericarp of the ditch 
may terrninate at the extremity of the orillon, 
>vhich is but 5 toifes long, the flanks are as 
inuch retired, and made in the fame manner 
as thofe in the body of the place : we have 
added rams-horns inftead of tenailles, in or- 
der to get a^ much iiank as could be. 

The branches of the horn-work terminate 
on the faces of the baftions within 30 toifes of 
the ihoulders, the ditch is 12 toifes, the para- 
pet of the horn- work is 12 feet high, as well 
as that of the ravelin, which is conftrmSted 
in the manner defcribed before j that is, by 
defcribing an arc from the angle of the flank 
through a point in the faces of the horn- 
^prk,^ 12 tuifes diltant from the flioulder 
whof 
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vrhoCd interfecSion with the (perpendicular 
CD produced, will give the faliant angle of 
the ravelin ; the faces terminate within 3 
toifes of the (boulder ; the ditch of the ra- 
, velin is bat 8 toifes j the retrenchments S 
are conftrudod by producing the branches,' 
and the counterlcarp of the ditch before the 
ravelin, till they meetj and by fetting off 25 
toifes on that counterfcarp.for the firil, and 
20 more for the fecond ; then if from the, 
point O, as centtr, arcs are defcribed through 
thefe points, which meeting tlie branches 
will give the other points through which 
the retrenchments pafs ; they are . made of 
earth only, their parapets ihould be but 9 feet 
higher than the level ground, with a b°rm 
of 6 or y feet, and a dry ditch of 4 toifes 
before them. 

The diftance AB or radius of the arc, 
which paffes through the points C, B, D Pig. a. 
of the crown-work, is 100 toifes, and fliould 
not exceed 120 or 130 at moft ; the exterior 
fides BC, BD are 100 likewife j the perpen- 
diculars 20, that is, one fifth of the exterior 
fides i the faces 26 j the radius of the arc, 
which fcrves to determine the pofition of the. 
flanks, is 15, and the ditch 12 j the branches 
tenninate on the faces of the baftions within 
H 4 30 toifes 
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30 toifes of the Aioulders, in the fame man- 
ner as thofc of the horn- work ; the rave- 
lins are conilruded in Jike manner as in 
the horn-work J as Jifcewifc the rttrench- 
ments S, except that the £rA is only 20 toi&fi 
- froni the ^eat ditch. 

Remarh on this ConfiruBion. 

' The branches of thefc works are more di- 

reftly defended by the faces of the bafiions, 
than thofe which are ufuaJly made; the 
flanks much larger, and covered by the oril- 
Ions, and t^rams-horns added to the flanks, 
make tog^j^ a larger battery than can be 
eredled agflinft them, which is a maxim in 
fortification, to be obferved, if po(^le ; 
otherwifc the flanks are foon deilroyed, the. 
faces become defenceless, and fo the work 
may eafily be taken. 

It is to be obferved, that there (hould 
be a roY'^ of palifades placed in the middle 
of the dry ditches before the retrenchments 
6, and^ the parapets of thefc retrenchments 
ihould be a row of palifades placed about 
3 feet above the berm horizontally, or ra- 
ther with the points a little downward^, 
that the grenades may roll off into tho 
^itch. 

- For, 
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For, if this precaution is riot' taken, the 
enemy might purfue and fcJlow the troops 
which defend thefe works, fo as to enter 
with them into the retrenchments, and there- 
by get mafters of them at the fame time the ' 
iiorn-work is taken. 

Because the retrenchments S making equaJ 
angles with the branches, and the counter- 
fcarp of the ditch before the ravelin, they will 
defend the level ground before them in the 
tnokt direi5l manner, as we have fliewn in the 
conflrudiojj of our flanks, and therefore is 
preferable to any other pofition that caa be 
given to thefe retrenchments. 

The reader will eafily imagine, that there 
muft be a barrier or gate in the ditch neaj: 
the branches of the horn or crown-work ; 
Jikewife a fally port under the parapets, for 
the troops to retire through, when the work . 
is taken. 

ConfiruEikn of a place with detached 
' Baflions. 

As a gariifon fddom or never fuSbrs the 

enemy to make an aiTault on the baftions 

when they are joined to the place, for fear 

of being put to the fword, and the town 

facfced. 
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lacked, the baft:ons arc never capable of 

making a defence anf-verable lo the eipcnce 
of building ihem ; it cannot therefore be 
£iiJ, that iuch a p'ace anfwers the iiocat 
for vhich it WiS fort.fiid. 

It WIS for this roiibn» that M. FjaioK 
invented his f^ccnJ ani thirl methods, as 
we hive already mentioQcd in their coa- 
f:rucl:Qn : but as his tcwer-b^lBons wiD 
harJly ar.fwer the great expence of tbeir 
builduig, we t!iGu;hc it woull not be kn- 
prorer to propofs two [rechjds of the £ime 
nature, in \*hich it his been endexToorcd 
to make everv part anfwerable to the expence 
of buiiJin^ th;m ; 13 like Tire to difpole them 
in fuch a nuan;r, as to nuke the bcil de- 
fence that tliev w;ii aitnit cf. 
R.XVH. Let the ir.ririor t:dc A3 of an oAigon 
be 130 tjii'^a; r^ive Ab, En, eq^jal to 12 
tohes, for ir.c :'^.-i-^orj:;3 of the fnall ba- 
f.ions, and as msch i:^c th.ir cap:tali Ac, Br; 
£:cai the rcIr.K c, r, drjiv -±c lines en, rb 
to the exrrii-r.-r/ of ih^ g'-'^-:?, -isid rmks 
the n^--xs bJ, dit. 7crpt;,'-;.:'j'^r to ths Iia.rs 
of c^fiacc; the d ;ch L- 6 :ji.es at the iz~ 
Lant an^'i-s c. r. ar.i ::i ccunrsncarp dr^wa 
tot'te ^-xtrcL-i.-i^i cf the n^.:I;3 of the ae- 

The 
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The capitals c C, r D of ths detached 
baftions are 55 toifes, and the lines of de- , 
fence are drawn to the extremities b and n of 
the interior flanks ; the faces ars 60 ; the ra- 
dius of the arc, which fervss to determine the 
pofitionof the flanks, 18, and the ditch j6at 
the faliant angle. 

The raveUn is cotiftruiSed, by defcribing 
an arc from the extremity of the flinlc, as 
center, through a poirtt in the oppofite face 
of the baftiofi, within 20 toifes of the ihoul- 
dcr, which arc interfeils the capital of the 
ravelin at the faliant angle'; the faces termi- 
nate within 5 toifes of the ftioulders, the fenw- 
gorgc of the redoubt R is 15, its faces pa- 
rallel to thofe of the ravelin, and its parapet 2 
toifes ; the ditch of the ravelin 12, and that of ■ 
the redoubt 6. 

The femi-gorges of the places of arms 
■ are 20 toifes, thoic of the ftone redoubts p 
within them 12.; the faces of the places of 
arms are 25 j and thofe of the redoubts, 
parallel to them, with a dry ditch of 3 toifes 
before them j the covert-way is 6, and the 
glacis 20. 

The faces of the tenailles are 16 toif^\';, 
(he paflage between them and the flanks of 
the bafl:ions 3 j their flanks are parallel to 

the 
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the others, the curtain is drawn through the 
points where they meet the lines of defence, 
aad the infide of the tenaiUes is terminated 
by lines drawn through the extremities of Ae 
&xnki of the detached badioas. 

Remarks on this ConflruBion, 

This method anfwers perfeiSly die ioteot ■ 
for which M. Vauban has invented his fcccaid 
and third methods ; for the finall bafUons 
are more extenfive than the towej baftJons, 
.and yet coft much lefs in their conftruftion; . 
the tenailles adding a lower fiaflk to that of 
the detached baftions, renders dieir iirc iii- 
perior to that of the beiicgerfi; and to Secure 
the lower flanks from the enfilades, a part 
of the faces, next to the ihoulders, ihould be 
railed about 3 feet higher than the «A, for ^se 
fpace of 4 or 5 toifcs.' 

The town wall fhould be of the fame 
height, and no more than the detached baf- 
tions and ravelin ; for which reafon we 
made them all 15 feet high, the tenailles 3, 
and the ditches 12 feet deep j. and if the 
works were only \i -feet high, it would be 
Jurikient. 

'It 
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It is the opinron of fomc modem engineers, 
diat if all the works were of the fame height,. 
it would be much better, than to make the ■ 
inner ones fo as to exceed thofe before them 
By 8, lo, or 12 feet, ^s is cuftpmary. 

For it is evident, that thofe high walls 
increafe the. expence prodigioufly, and may 
be battered at a great diftance ; fo that be- 
fore the enemy have carried their approaches 
near the place, all the defences arc ruiiied ; 
which will not happen, if a work cannot 
be difcovered till that which is before it is 
taken. * 

It is faid, that when the works exceed 
each other in height, the enemy can be 
fired at from all of them at once ; but this; 
is of no advantage : for they may raife bat- 
teries at 300 toifes' diftance from the place, 
and from thence difmounC all the guns ; 
which being continually kept playing, will 
prevent the garrifon from eredtingnew batte- 
ries ; and the guns being once difmounted, 
the fire of the fmalJ arms can produce no great 
efFeft againft the trenches. 

Inftead of which I would chufe to place 

guns in the places of arms, and keep them 

there tiU'fuch time that the covert-way is in 

danger of being attacked, and then remove 

them 
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them into the inner works, and Co from, one 
to an.thcr, till into the body of. the pkce; 
for if the guns in the haftions, or counter- 
guards and ravelin, are not difmounted till 
iiich time the covert-way is attacked, it will 
be a difficult matter to get and remain in pof- 
fcffion of it. 

All the objeftion that can be made againd 
low v/alls, is, that they are eafily enfiladed 
by the ricochet batteries ; to avoid which 
the faliant angles of all the works fhould be 
raifcd about 4 feet above the other parts, for 
the fj3ace of 5 or 6 toifes on each fide ;■ and 
the rampart fliould likewife flope towards 
the place by 2 or 3 feet : this has been, 
done by M. Vauban at New Brifacbt and by 
M. Coehorn at Birgen-op-zmm ; which being 
the laft places that thefe great men have for- 
tified, is fufficient to determine others to fol- 
low their examples. 

The redoubt' p in the place of arms, fhould 
be a wall of three feet thick only, with loop- 
holes, and no higher than the glacis, or 
rather two feet lower, fo that they cannot 
be difcovered but from the ridge of the gla- 
cis ; the iiifide of them may be 2 or 3 feet 
lower than the reft of the covert-way, and. 
fo as to flope towards the ditch, that if any 
grenades 
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grenades or {hells (hould fall into them, they 
might roll into the ditch. - 

The redoubts R in the ravelin ought to 
have a parapet of 1 2 feet thick only, as be- 
ing fufficient to oblige the enemy to raiie a 
battery in the ravelin to deftroy it, which is 
all that is wanted ; they lerve' to retire into 
when the ravelin, is taken, and obftru^ the 
lodgments there ; from whence the troops may 
retire into the body of the place, when they 
can hold out no longer. 

Asto the flanks, they are fo difpoied as to ' 
defend the ditch in the beft manner polTible, 
'and fmce the detached baftions are wide and 
ipacious, a third flank may be added, if it is 
thought neceflary. 

ConJiruBion of a place with detached 
' - Orillon Bajiions^ 

, Let the exterior fide AB of an oftagon PIXVIII. 
be 200 toifes, the perpendicular CD 40, that 
is, a fifth part of the exterior fide, the faces ' 

AE, BF 55 ; the radius of the arc, which 
ferves to determine the pofitiou of the flanks, 
22; the ditch 16 at the faliant angles; the 
orillon 5 ; the flank is retired 5 toifes ; and 
the fine k d, which terminates the flanks, is 
drawa 
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drawn from a point d in the fece, at 5 toiies 
from the faliant angle ; the AiouMcts 0/ the 
tenailles are 20 fcifcs from tbofe of Ae bal^ 
tionSi,the flanks parallel to the others, and 
the curtain is drawn through the points of 
interfedlion of the flanks and lines of de- 
fence. 

Take on the lines EI, F Ii, drawn from 
the extremities of the faces parallel to the 
flanks, and which terminate the infidc of the 
tenailles, the parts 1 n, h m, each of 6 toifes, 
for the breadth of the ditch ; and upon the 
exterior fide r n, conftrudl a front of a po- 
lygon, by making the perpendicular 1 2, and-* 
faces 20 totfes. 

Tlie redoubts V are made of a wall 3 feet 
thick only, with loop-holes, their faliant an- 
gle is determined by the counterfcarps of the 
inner ditch produced, and the faces termi- 
nate within three toifes of the fhoulders; the 
ditch about thefe redoubts is 4 toiles." 

The ravelins and covert-way are con- 
ftrudtcd in the fame manr>er as thole in the 
former method. 

Remarks, 
This method being more espeniive than 
the former, has the advantage in proportion ; 
4 the 
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the ditch is defended by large double flanks, 
which will hold more guns than the enemy 
can oppofe j for we fuppofe the body of the 
place and the detached baftions to be but 3 
feet higher, than the glacis^ that is, i o feet 
above the level ; fo that the flanks cannot be 
difcovered but from the ridge of the glacis j 
the redoubts V arc of fpecial ufe to retire into 
when the detached baftions are taken, and 
to obftruS the lodgments there j and as the 
commnnlcation from thefe redoubts into the 
body, of thfe place cannot be (ecn from any 
part, this iafe retreat is of great advantage 1 
for by this means the troops will be able to 
maintain .their ground to the taft extremities ; 
neither can the flanks of the inner front be 
difcovered but from the level ground of the 
tenailles, which therefore I would make bat 
a foot above the water in the ditch, fo that 
there will not be a fufficient quantity of earth 
to raifc a battery. 

If the flanks and faces of the tenailles, 
were arched and open behind, it would be , 
n«ich better, for by that means the enfilad- 
ing- tbem would be hnpoffible, neither would 
the fliells have any effed: upon them; amj 
then the upper flanks might be made two 
or three feet lower than the faces, which 
I would 
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would prevent the enfilading them by tHe 
ricochet batteries ; but if this ihould be 
thought too expenfire, I would make the 
upper flink 7 feet above the level, that is, 
2 feet lower than the faces, and the lower 
one 3 feet above the level; but then the faces 
of the tenaiUes mull be 4 feet higher than 
the flanks, to cover them from the enfilades: 
for it is of the greatcft importance to prevent 
the enfilading the works as much as poflible, 
fince it is much more dangerous than to be 
feen in the front, and it is too dangerous to 
defend fuch a work: this and the fecuring 
the retreats from one work into another, arc 
■ the two greateft advantages to be gained ia 
a good fortification ; and for whicH the fVone 
redoubts in the places of arms, in the de- 
tached baftions, and'thofe in the ravelins, 
are all that can be done i for when thofe 
works can be no longer defended, the be- 
fieged watch their opportunity in the dark, 
or when the enemy's fire flackens, to crofs 
the ditch and retire ; for it would be im- 
prudent to defend them to the laft j and there 
ihould be mines to blow them up, when they 
can be of no further ufe. 



Con~ 
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ConJiruBion of a Place with Lunettes 
and Counterguards. 

This figure is an oftagon, whofe exterior pi.'jax. 
fide is 200 toifes, the perpendicular 30, and 
the faces ^^i the radius of the arc which 
terminates the pofition of the flanks is 20 
toifes, the orillons are 5; the firft flank is;^ 
toifes retired, and the fecond 10 from outhne 
to outhne j the rampart of the lower flank, 
is 4, and the ditch behind it 3 : the ^ces arc 
4 feet higher at the feliant angles, and three 
at the (houlders, than the flanks and curtain, 
and that excefs fliould be of turf : the ditch 
is drawn from the extremities of the orillon 
parallel to the line which ferves to determine •, 

the pofition of the flanks ; the tenailles, or 
rams-horns m, are defcribed from the point 
of interfedlion, of the line of defence pro- 
duced, and a perpendicular to the faces prij- 
.duced 3 toifes i and there are terminated ty 
a line 3 toifes diflance from, and drawn pa- 
rallel to the curtains. j 

The femi-gorges of the ravelins R ap-e 
29 toifes, their capitals 30, and the dit^h 
before them 6. ' ' . 

The femi-gorges of the lunettes n, the 

one is 15, and the other 30 toifes $ and the 

I 2 - ,_ .faces 
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faces arc drawn perpendicular ,to thofe of the 
ravelin and the bafiions i the ditches before 
them are Stoifcs. 

The countcrguards a are 7 toifes broad 
at their extremities, and the faces perpendi- 
cular to thoie of the lunettes, or parallel to 
thofe of the biiltlions j the ditch before them 
is 10 toifes. 

The bonnet b before the ravelin is lo 
toifes broad at the ends, and its faces are pa- 
rallel to thofe of the ravelin, or perpendicu- 
lar to thofe of the lunette : the ditch before 
this work, is 1 o, . the covert -,way 6, and the 
glacis 20 } the places of arms r, are found 
by fctting off 20 toifts one way, and the per- 
pendicular drawn through that point, meeting 
the fe.ce of the lunettes produced. 

Remarks on this ConJlruBion. 

As all the defences of this place are direft, 
that of the ravelin e>:cepted, the works will 
be in a condition of making as great a reiift- 
ance as can be expected j the curtain, rave- 
lin, luhettcg, and bonnet, fhould be all of 
the ff.i:iie height ; as likewife the counter- 
gup rils and baftions, fo that the baftions 
may not befeen but from the countcrguards, 
where 
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where there is not futficient rcmm for making 
batteries to deftroy the fiinks ; the ranis-horns. 
ferve to fiilly out into the ditch, when dry, 
or to harbour boats behind them when ,wet; 
their level ground fliould not be above 4. or 
5 inches above water, or even with the bot- 
tom of the ditch when dry i and as they can- 
not be enfiladed from any part, their grazing 
fir-e will extremely we^l defend the great 
ditch, and that be&re the ravehn ; as like- 
wife the level ground of the ravelin, lunettes, 
and counterguards. 

The reafon that the rams-horns are not 
continued quite to the curtain is, that the 
fplinters from the wall may not hurt thofe 
in the rams-horns, it faves likewife fome 
expenccs, and this paiFage may ferve in a 
wet ditch for boats to go out and come in, 
and the part between the lower flunk and 
the rams-horn ferves as a i'^fe harbour, for 
the boats, or as a place of arms when the ditch 
is dry. 

Although thefe baftions are of as great a 
defence as pofTible, yet the enemy will iri 
lime be able to ruin the fianks, and make 
breaches in the faces j and this being once 
acconipUihed, the garrifon will be obliged 
to furrender, unlefs fome other defence be 
I 3 found J 
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found i for which reafon, good retrench- 
ments, fuch as marked S, ihould be partly 
made, either at the fame time that the place 
is built, or in time of p^:^ce, with a good 
ftrong wall and a ditch before it j as like- . 
wife with countermines under them, to pre- 
vent the enemy from blowing them up with 
their mines ; and from the bottom of this 
ditch, galleries might be carried on under 
any part of the baftjon, to blow it up, whca 
it <^n be defended no longer above ground : 
I faid that thefe retrenchments fliould only 
be partly made ; becaufe there muft be 
about 4 toifes left unfinifhed at each end 
near the flanks, in order that there may be 
fufficient room behind the flanks to place 
cannon; and when the attack is once made, 
the parts next to the flanks, which arc of 
no ufe, may then be finifhed, and the other 
afterwards, when the flanks are of no further 
ufe; by this means the bailions will be able 
to make as great a defence, as if they were 
detached. 

For it is in vain to pretend that a place 
fliould make a long and ftout defence, though 
ever fo well fortified, if the governor either 
wants means, or does not know how to de- 
fend it ; and there ought not to be a fingle 
work 
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work but what fhoulj be defended inch by 
inch, and when the works are fpacious 
enough to admit of retrenchments, there 
ihould be as many made as can be done : the 
works muft , not only be thus flifputed above 
ground, bat likewife under ground ; for all 
the parts, where the enemy is likely or muft; 
make lodgments, Ihould be countermined, 
in order to blow them up when they can be 
no longer maintained above ground. 

The expence of making countermines and 
retrenchments is inconfiderable, in refpeiSt to 
that of building the fortification, and yet they 
may lengthen, the defence confiderably. It 
appears Ihameful, that as foon as a breach 
is made in the baftion, and often not wide 
enough to make an aflault, the garrifon ihould 
be obliged to capitulate j it feems that the 
baftions, which are the moll conliderable 
part of a fortification, and coft moft, Ihould 
ferve more as a Ihew than as a real additional 
ftrength to the place ; this is undoubtedly 
owing to the incapacity or flothfulnefs of 
governors, who think more by what means 
to make moft money of their places, than 
how or in what manner the town is to be 
defended, and to provide in time againft the 
dangers which may happen in an attack. 

1 4 That 
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That a town may make a confiderabie 
defence, though moderately fortified, is no 
romantic fancy, as evidently appears by the 
ficgcs of Vienna and Candia^ when they were 
attacked by the I'urks ; there was not a foot 
rf ground gained by the befiegeh, which 
the befieged did not immediately cut oflFj 
the former made a defence of near three 
months till, it was relieved, and would have 
continued fo to the laft inch of ground of the 
whole town, if it had not, and the latter 
held out ten years. 

■ In order to form a better judgment <A 
thefe three new conftrudiions, we have added 
the profiles of the fcveral works, and which 
are nearly the fame as thofe the French made 
ufe of in fome of the laft places they have 
fortified. Though we have ufed the o»fla- 
gonal polygon here, yet the fame works will 
do in any other above an exagon with fomfc 
very few variations in rcfpetS; to the diredfe 
defence. 

ConfiruBion of ^* BeltdorV//^ . 
method* 

Plate XX. This figure is a part of an oflagon, whole 
extwior fide AB is 200 toifes; the perpen- 
dicular 
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dicular CD, 50 ; the faces AE, BF, 703- 
and the flanks are found according to M. 
Vauban's method. 

The hne joining the extremities a and b 
of the flanks of the fame baftion, fervcs as 
an exterior fide to trace the front of a poly- 
gon i whofe perpendicular c d is 13 toifes» 
the faces 22 j the parts df of the lines of 
defence, which terminate the flanks, are 14 : 
the dry ditch Ssfore this front is 10 toifes at 
the points a, b, and the counterfcarp terpii- 
nates at the oppofite fhoulders.. 

The rams-horns ^, are defcribed from a 
point in the middle of the faces of the in- 
terior front, as centers, with 'a radius of 25 
toifes. 

The retrenchments H are drawn from a 
point h in the face, at 1 5 toifes. from the 
(boulder to the points b, iz, and are 25 toiies 
iong ; the orillons kl, 8,~and the'flanks nn) 
are 8 toifes retired hear the orillon, whkh 
are the chords of an arc from the oppbute 
fhoulders ; the ditch before thcfe retrench*" 
ments is 8 toifes near thp parapet of the- 
Ibaftions^aodits counterfcarp diret^ed tCt the 
uhoulders. 

1 The foliant angle of the redoabt B touches 
khe inter&dums of the curtains pEoduced, 

and 
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and the faces terminate on the faces of the 
inner front within 3 toifes of the fliouldersj 
its ditch is 3 toifes ; thefe redoubts are a ftone 
wall of 3 or 4 feet thicit, with loop-holes in 
the faces. 

The author having made no outworks to 
this fyftem, we have added ravelins and a 
covert-way made in the ufual manner ; the 
great ditch is twenty toifes before the faliant 
angles of the baftion, and its counierfcarp is 
^retfled to the fhoulders ; and the faces of 
the ravelins to the outline of the retrench-, 
ments H, 

Remarks on this CoTifiruSiion* 

This fortification has the advantage of all 
thofe which have detached baftions ; the re-r 
trenchments within are of a good defence ; 
but they take up too much ground, efpecially 

■ the ditches, which ground might, in my 
opinion, be better difpofed of j befides, if 
the breach was made at h F, by the guns 
placed in the oppofite place of arms and 
ravelin, the befiegers would find a lodgment 
H ready made, wanting only a part oppofjte 
to the face of the inner front. But the 

\ flanks of thefe large baftions, which arc 
about 
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about 26 toifes long, feem to be too fmall, 
and the great ditch too large ; for if it was 
only 15 or 16 toifes at the laliant angles, 
and the counterfcarp direded to the flanks 
within 2 or 3 toifes of the flioulders, the 
befieged would not find fo much room to 
place their counter-batteries. 

The ditch before the inner front might 
be fmaller, that is, of about 5 toifes ; and 
then the flanks would become fomuch the 
longer. 

As the ditches before the retrenchments 
H are diredly oppofitc to thofe before, the 
ravelin, the author defigned to make a bat- 
tery in them j for which reafon he carries 
that ditch through the parapet, and leaves 
only the walls to cover it ; but as the enemy 
might foon deftroy the wall, and therefore 
need make no^ other breach to enter tha 
baftion, *we have continued the parapet, 
and thofe batteries ifiight be arched and open 
behind. 

ConfiruEiion of M, B b l i d o ^sfecond 
method. 

This figure is again a part of an o'ftagoip, pi, xxi. 
whofe exterior fide, AB is 200 toifes: the. 
per- 

\ 
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perpendicular CD, 5j, and the feces, AE, 
BF, 70, as in the former; and the flanks 
are likewife found according to'M. Vaubarii 
method. 

The line a by which paiTcs through the 
extremities of the flanks, ferves as an exte- 
rior fide to the inward polygon ; whofe per- 
pendicular c d is 5 toifes, the faces 24, and 
the flanks are chords of arcs dercribed frotn, 
the oppofite Ihouldcrs of the detached baftioDS 
3S centers. 

This inward polygon is nothing elfc but 
■ 9L ftrong wall, behind the curtain of which, 
and of about iS feet diilant from it, is a 
parapet or epaulement of earth 3 toifes thick; 
and within the baftions are cavaliers, whofe 
fronts are circular arcs defcribed with a radius 
of about 23 or 24 toifes ; the flanks are 7 
toifes long, and gorges 32. 

The counterfcarp of the ditch l*fore this 
polygon is 7 toifes at the faliant angles a, b, 
and paralleHo the curtain. 

The rams-horns or tenailles touch the lines 
of defence within 3 toifes of the ihouldcrs, 
and are defcribed fo as to, meet the other lines 
of defence in the fame point as the tounter- 
fcarp of the inner ditch. 
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- The outline of the curtain between the 
rarfis-horns is 9 toifes from the ditch. 

The extericr iide h k of the retrenchments 
within th; detached baiiions, meets the &ces 
within 20 toifes from the fhoulders : the per- 
pendiculiir m n is 17, the faces h 1, 20 ; the , 
chord on which the orillon is^efcribed is 5 
toifes, and likewife the retired part of the 
flank ; the flanks and orillons are made accord- 
ing to M. ytmban's method. ^ 

The circular curtain and the round part of 
the ditch behi;id it, are defcribed with a cen- 
ter, 25 toifes diftantfrom the points a,if. 

The great ditch is 20 toifes before the 
faliant angles of the detached baftions, and 
K fuppofed to be dryj for which reafon M. 
Belidor made a caponiere to go from the cur- 
tain to the ravelin, pf 18 or 20 feet wide, 
whofe parapets terminate on both fides ia a 
fli^e or glacis. 

The capital of the ravelin Q_ is 66 toifes, 
that of the redoubt P, 30 ; the faces of the 
ravelin are direftcd to thofe of the retrench- 
ments viithin the baflions, and thole of the 
redoubt to the Ihoulders ; the batteries in the 
ravelin are retired 8 toifes behind the faces ; 
the ditch of the ravelin is 22 toifes, and that 
of the redoubt 7. 

The 
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The femi-gorges of the lunettes R are 2J 
toifes, and the faces perpendicular to thofe of 
the ravelin and the baftion ; the ditch before 
them is 8 toifes, and the batteries S are retired 
as much, and are 15 toifes long: laftly, the 
covert-way is 6 toifes. 

Remark on this ConJiruBioni 

If the parapet behind the curtains, and 
the cavaliers in the baftions, of the body 
of the place had been joined to the wall, 
it would have been much better, fince the 
wall will foon be deftroyed, and -thereby 
open the place at oncej the perpendicular 
of the great polygon is a great deal too long, 
it makes the baftions too big and expenfive ; 
the great ditch is iikewife too wide; the 
earth taken out of it will be more than is 
required for raifing the ramparts. As to the 
outworks) they feem to be extremely well 
difpofed, arjd capable 6f a gpod defence, 
excepting the retired batteries in the ravelin 
Q_are, for the greateft part, covered by thofe 
of the lunettes R ; for which reafon, lunettes 
difpofed in the manner reprefented in the 
igth plate are, in my opinion, of a much 
better defence than thefe here j but the 
whole 
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■whole work together is too cxpenfive to be 
ever made ule of j for it would require almoft 
a whole army to defend thefe works, and 
if we confidcr the prodigious quantity of 
ilores and ammunition required, one may 
cafily perceive that this fortification wiU never 
be ufed. 

ConJiruSiion of Af. Belidor'j third 

method. 

This figure is like wife a part of an o<Sa- pi.xxiL 
gon, whofe exterior fide AB is 200 toifes» . 
the perpendicular CD, 40 j the faces AE, 
BF, ^^ i the parts D r of the lines of de- 
fence, between the perpendicular and the 
broken part of the curtain, 30 ; and the 
length of the broken parts r n, 25; the 
oriUon is 9, and is part of a flank found 
according to M. Vaubari% method j the flanks 
are 8 toifes retired, and are arcs of 60 
degrees ; the outlines of the rams-horns arc 
1 3 toifes diftiint from each other ; the paf- 
iages at their extremities are 3, the outmoft 
or'loweft is defcribed with a radius of 30 . 
toifes, and the other is defcribed from the 
iame center. ' . 

! * We 
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We have omitted the cavaliers placed k 
the gorges of the baftiLns, as being accordiDg 
to our notion iuperfiuous. 

The center R of the arc KL is i8 toifes 
diftant from the re-entring angle of the coun- 
terfcarp j the chord KL is 44 toifes, as well as 
the other face of the lunette i and the radius 
R K, 88 i the battery H is 10 toifes retired. 

The figure m is a redoubt made of -a ftonc 
wall full of bop-holes, with 2 ditch of 2 toifes 
before it. 

The ditch before the lunettes is 12 toifes at 
the faliant angles, and its countcrfcarp direSed 
to the extremities of theoppofite faces. 

The capital of the ravelin W is 44. toife^ 
the femi-gorges 3 1 ; the flunks are 9 toifes, 
ant] directed to the ihoulders of the baflions. 

The ditch before the ravelin is i o toifes, and 
the covert-way 6. 

The glacis T, before the faliant angles of 
the baftions, is 15 toifes broad; the fani- 
gorges'of the places of arms X arc 26 toifes j 
and thofe of the redoubts, or ftone wail within 
them, 20, reckoning from the edge of the 
glacis T } a^d the faces are drawn parallel ^ 
the oppofite femi-gorges. 

The redoubts S, within the lunettes, are 

alfo made of a wall 3 or 4 feet thick, fiili 

6 . of 
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bf Idop -holes, with a ditch of 3 toifes before 
them. . 

The dimenfion's of the arrows and detached 
■redoubts, are the fame as thofe in M. P'auban'a 
method, only the arrows have flanks parallel 
to the paiTage of 1 o toifes, 

Remarks on this ConJlruSikn, 

M. Belidor^ commits the fame faults in all 
his works, as almbfl; all thofe who fortify 
upon paper only j by confidering how a place ' 
might be ftrongly fortified, without troubling 
themfelves about the expences of building, 
. or the great number of troops to defend it; 
imagining, I fuppofe, that a' Prince, or State, 
Ihould fpare no expence to fecure the fub- 
je£ts againft a powerful enemy. If it were ' 
only for the expence of building' them, I 
(hould be of their opinion ; but when it is 
eonfidered how much artillery and ammu- 
nition is required, together with the great 
number of troops to defend fuCh places, it 
may ealily be conceived, that their firil notions" 
muft neceflarily.vanifh into fmoak. 

But let us enter upon particulars ; tKe 
redoubts m are intended to fecure a fafe re- 
treat from the lunettes when they are taken j 
K but 
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but as the beficgcrs may eafily Ae^oy them 
with the fame guns placed in the oppofite 
ravelin, which fcrve to batter the feces of 
the lunettes, as likewife the curtain of the 
body of the place, they will hardly anfwer 
the purpofc for which they were defjgned; 
he flionld have added a parapet of 12 or 15 
feet, which would have cffeftually fccured 
the retreat. The lunettes might have been 
conftrufted fo as to defend each other di- 
re(flly, as likewife to be defended direftly by 
the oppofite faces of the baftions j and if 
there had been made counterguards inilead 
of the glacis T, they would have covered 
the batlions and the oppofite iianks, and 
would not be liable to be taken fword in 
hand, as thefejfcvks may be taken. I fup- 
pofe the audior intended to fecure them 
with palifades, but when the palifadcs are 
higher than the glacis, the befiegers guns 
will foon deftroy them, and make their de- 
fence more dangerous than ufefulj if they 
are equal in height with the glacis, and 
placed near the parapet, the enemy 'jumps 
over them j and if they are farther off, tlKy 
are troublefcme, and eafily deftroyed by the 
ricochet batteries ; from whence it may be 
concluded, that thcfe works are of little or 
no defence. The 
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The places of arms are too fpacious, and 
the cQuntcricarp of the ditches before the 
detached redoubts being parallel to the flanks, 
render the ditch before the faces defence- 
Jefs, and therefore ferve as rttrenchments 
ready to receive the enemy, without requir- 
ing fo much as a traverfe to cover themj 
the flanks of the arrows are made with no 
more judgment than thefe ditches. 

The rams-horns are certainly very well 
contrived, they are much preferable to the 
tchaillesj they cannot be enfiladed from any 
one place, refifl: better, by their bending out- 
wards, the enemy's batteries, and render the 
flanks ■ much fuperior to any battery that , 
the enemy can raifc againft them; but the ■■ 
retired flanks have the fame defeCt as thofc 
of M. yauian'&, which we have (hewn be- 
fore i it is furprifmg, that no author has ever 
obferved the badnefs- of thefe kinds of flanks j 
the great character which M. Vauhan baa 
juftly acquired, has probably impofed upon 
their underftandings. The ftonc redoubts S, 
and X, in the lunettes and places of arms, ara 
undoubtedly very good, they add much 
ftrcngth to tbofe places, and fecurc a retreat 
to the troops which defend them. 

K 2 Con- 
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ConJlruSiion of M. B l o n d e lV 
fecond Methods 

Pl.Xxnr. ]vr, 5/oW^/eftabli(hes two forts of fortiS- 
cations, yjz, the great, whofe exterior fide 
he makes 200 toifes, and that of the little 
170; he begins with the angle made by the 
exterior fides and the lines of defences, for 
-which he obferves the following rules. 

Subtrad: 90 degrees from the angle of 
the polygon, and take the third part of the 
remainder, to ivhich add 15 degrees, and 
■the fum will be the angle fought. For 
example, in an exagon, the angle of the poly- 
gon is 1 20 degrees; from which take 90, and 
there remains 30^ the third part of which is 
le; this added to 15 gives ^5 for the angle 
required. 

He makes likewife his lines of defence 
equal to -jV of the exterior lide; that is, 119 
or 120 in the little, and 140 in the great; 
this being premifed, the conftrudion is as 
follows : 

Let the exterior fide AB of an exagon 

Jie 170 toifes; the angles ABC, BAD, 25 

degrees each; the hnes of defence AD, BC, 

2 20 toifes ; let O be the point of inter- 

fcfSion 
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fc€tion of thefe lines, bifeft AO, BO in E 
and H ; then will AE, BH be the faces, EC, 
HD the flanks, and CD the ftraight part of 
the curtain. 

The orillons EI, LH, are 10 toifes each, 
the flanks are retired 5 toifes behind the lines 
EC, HD ; in all polygons above an cptagon, 
he makes the retired flanks from 10 to 12' 
toifes diftant from thefe lines, in order to 
lengthen the curtains. 

Each flank exceeds the flank before it 9 
feet in height, and they are 8 toifes diftant 
from outline to outline. 

The counterfcarp of the ditch is drawn 
. frpm the extremities I, L of the orillons, 
parallel to the faces of the baftions ; the 
counterguards are but 4 toifes broad, 10 or 
i« feet of which are taken for the parapetj 
the ditch before them is 1 o toifes. 

If from the ftioulder E, as center, there 
be an arc defcribed through the (houlder H, 
and from H through E^ their interfc(3:ioi) 
will be in the faliant angle of the ravelin, 
the faces of which are diredted to a point 
in the faces of the baftions within 6 toifes 
of the fhouiders ; the gorge of the ravelin, 
is determined, by producing the faces of (he 
iouDterguardsj the ditch of the ravelin is iz 
toifes, 

K3 Tho 
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The ieaii-gorges of the lunettes V, are 
20 toifes } their faces parallel to die coun- 
terfcarps of the ditches, before the ravelin. 
and countergnardf and the ditch before 
them, is 8 toifcs ; the covert- way 6, and 
the faces of the places of arms, which arc 
likewife parallel to the counterfcarps, are as 
much. 

The retired batteries x, in the baftions and 
ravelins, are 7 toifes, from the facesj and 
their lengths are determined by the feces 
and couiiterfcarps produced of the ravelia 
and counterguards., 

Remarks on this ConpruSlion, 

M. B}ondel was undoubtedly a great man 
in his time, and had travelled all over £tf- 
tBpe and America, where he made vefy 
good obfervations of all the different man* 
Jiers of fortifying, by the feveral nations, 
' as appears by hid fmall treatife on fortifica- 
tions. 

' NbtWithflanding his great fkUl in difco- 
Vering the faults committed by others, and 
tndc&YOuring to avoid them, yet he fell into 
othets of mtich more confequence j neither 
^id he confider the great expence his method 
mult 
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mufl coilj (which is the cafe of moii au- 
thors) and likewiTe the numerous artillery 
required to defend it.' 

However, if the works were of good de- 
fence, he might be excufed in neglefting 

^the expence ; but how far he has fucceeded 
in that refpefl:, we fhall make appear. 

He imagines, that places are generally 
loft for want of having fufficient flanks, for- 
which reafon he makes th^ee, one behind 
another; but they are tod near each other, 
fo that the rubbifli of the upper flank muft 
certainly deftroy the ufe of the lower : bc- 
fides, if any fliells fall into the lower ones, 
they muft inevitably deftroy the troops that 
arc there, as not having room enough to a- 
void them ; they are likewifc loo open, and 
ii> more liable of being deftroyed from the 
covert-way, for the counterguards are not 
broad enough to fkreen thofe ^anks, as the 
author imagines ; fince a few mines will ibon 

' deftroy them, as we have obferved in ,M. 
Coehorn's method, who. made his after M. 
Blmdel. 

The low batteries x^ are likewife too nar- 
row and too much confined; though they 
might have been of good defence, before 
the fliells were fo much ufcd, which was 
K4 perhaps 
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perhaps the cafe, when this method wa^ 
invented. 

Had M- Blondel known the ufe of rico- 
chet batteries, he certainly would not have 
omitted the traverfes in the covert-way as he 
does J his places of arms are too ihull tp 
make any tolerable defence. 

His great ditch is too wide by much, fi^ 
it is at leaft 25 toifes before the faces of the 
baftions ; for the expence of removing the 
great quantity of earth out of them, to a 
great diilance, is both idle and needlefs. - 

ConfiruEiion of Count Papan'j method. 

This authcH- eftabhlhes three forts of fbrr 
tificaiions, liiz. the great, mean, and little, 
whofe principal dimen£ons are contained ii^ 
the following table : 
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Let the exterior fide AB of an oStlgfm 
be 180 toifes, the perpendicular 30, and 
the faces 55 j draw the ' fianks perpendicu- H.x»a, 
iar to the lines of defence, which bifedl by 
a line drawn from the oppoflte fgliant angles { 
fhe o;ie half ferves for the orillon, the firft 
flank; 
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flank is 5 toifes retired behind the orillon, 
the others are 7 toifes diftaiit from outline 
to outline ; the faces of the civaliers in the 
baflions are parallel to tfaofe of the baflions, 
and 1 3 toifes didant from them. 

The great ditch is 16 toifes, and its 
counterfcarp parallel to the faces of the baf- 
tions; the capital of the ravelin 50^ and its 
iaces are drawn to the Ihoulders ; the femi- 
gorges of the rftdoubt within tfic ravelin 15, 
and the faces parallel to thofe of the ravelin ; 
the ditch of the nkvelin 1 2, ahd that of the 
redoubt 6; the faliant-angle of the counter- 
guard is 40 toifes diflant from that of the 
baftion, and 9 or 10 broad at the extremities j 
the ditch before the counterguard is I2, which 
is the fame as that before the ravelin ; the 
covert-way 4, and the feces of the places 
of arms 8, and are parallel to'the oppofitc 
counterfcarp. ■ 

The author makss other outworks, as 
jii his fecond method, where the counter* 
guimls T are 25 toiles broad; the/ are 
joined by ft crooked curtain, taken in the 
iaces prmlucedj the diOiance AB between 
the inward aiid outward flank is 17. toifes, 
t^ divided into three equal parts, for the 
three 
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three, flanks ; the capital of the ravelin V, is , 
here but 35 toiies, and the faces direded to 
tlie ihouliers of the counterguards; the ditch, 
before the ravelin is 9, the reft is the fame as 
in the firft conftrm5iion. 

Ail the ramparts are 7 toifes broad, out of 
which 3 are taken for the thickncf&of the pa- 
rapets; in the fquare the lower flank is takctx 
in the fame line with the orillon, but in all 
the reft they are 5 toifes retired behind it. 

The flanks exceed each other 12 feet in 
height } die great ditch is 1 8 deep, and , the 
body of the place is 36 high, taken from 
the bottom of the ditch ; the ditchei of the 
ravelins and counterguards are 12 deepj and 
their ramparts are 24 high from the bottom 
of the ditch J fo that the height of the body 
of the place exceeds that of the outwork*. 
but by 6 feet. 

The great advantage that this method had - 
above all thofe which appeared then, ha« 
gained the author a great reputation, and his 
firft fyftem has been ufcd in feveral places; 
and though this is the only author who has 
g^ven the true pofition to his flanks, yet he 
has been found fault with on that very ac- 
count as being too much expofed, and too 
*afily ruined by the enemy's counter-batten 

rics, 
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rles ; nioft authors take it for a general maxim, 
that the diKd defence is the beft, and we 
have proved it in the beginning of this 
Jcdlion ; and yet a late French author, who 
takes M. Vauban to be his hero, fays, thai 
if they were not fo direB, they ■would be no 
lefs good, and tt is not mceffary here to ob-* 

Jerve a geometrical exaBnefs; but how this 
puthor reconciles his m:!nner of arguing with 
the above-mentioned general maxim, is a thing ! 
J do not underftand ; for if this maxim is not 
to be followed, it fiiould not be mentioned ; 
and if exceptions are to be made in certain 
cafes, it is not general. 

- This author blames likewife Count Pagan 
for making his orillons equal to half his 
flanks ; by which means, he fays, there is fo 
jnuch of the flanks loft, and a leffer orilloa 
would have been fufficient: in which he u \ 
miftaken, for there may be 4 guris placed upon 
ihe orillon j and if the Count made his 
retired flanks but half the ftraight flanks, it 
is becaafe he thought that there is room 
enough to place as macy guns in them as are 
peceffary to defend tbe ditch j, and by doing 
ib,,they were better hid, and not fo cafily dif- 
mountcd by the befiegers; it is certain, that 
iiisflanks are too pear pne another ; "and if 
there 
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there were but two in polygons under an ofta- 
-gon, it would have been much better ; the 
•ditch before the redoubt is but ill defended, 
which rtiould never be made without mating 
tenailles likewife j fo that it might be defended 
from thence. ' 

We have faid that his ramparts are but 7 
toifes in general, fo that the parapet, which 
is 3, bejng taken from 7, there remains but 
■4 toifes or 24 feet for the free paiTage and 
batteries, which is too little; becaufe the 
platforms take up 18 or 20 feet, fo that 
there remains not room enough to pafs by 
•with another carriage. M. Vauban made . 
the level ground of his ramparts 30 feet, 
and fometimes more, in moft places he for- 
tified, though in his conftru<5lion but 4 
toifes or 24 feet; but as he never publilhed 
any thing himfelf, thofe that have given his 
Works to the public have, I fuppofe, fub- 
ftituted their own dimenfions. 

His covert-way feems to be too narrow, 
and the places of arms too inconfiderable, 
for defending the glacis; the not making 
traverfes in the covert-way, is likewife a great 
miftake; but as the ricochet batteries were 
not known in his time, there was not' fo 
much occafion for them then, as thefe is 
now. The 
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The counterguards in his fecond tnethfid 
are too fpaciom j his propofing to build faof- 
pitalsi flore-hourea* and magazines in them, 
CQuil prove a great detrimeht to their defence, 
unlcfs thoie buildings are demoUihed when 
thefe works are attacked. 

Count Pag Aii*s method correBed, 

The exterior iide of this oftagon is 200 
toifes, the perpendicular 30, the faces 60, 
the orillon 5 ; the firft or lowed flank is 4 
toifes retired behind the orillon, the flanks 
are, 12 toifes diftant from outline to outline j 
the great ditch is drawn from the extremi- 
ties of the oriUons, parallel to the faces of 
the baftipnsj the ravelins are made in the 
manner defcribed in plate XV. 

The faliant angle of the counterguards is 
35 toifes diftant from that of the baftions, 
and they are 8 toifes broad at their extremi- 
ties, the ditch i2j there (hould be retrench- 
ments made in the counterguards, perpendi-^ 
cular to the middle of the faces, with a ditch 
before them 3 or 4 toifes. 

The covert-way is 6 toifes, the femi-gor- 
ges of the places of arms 20, and the feces 
are perpendicular to the counterfcarps. 

S Remarkt 
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i Remarks <m this CmflruBion, 

All the works .in this fortiiicatioa have a 
very good defence j the comp5(ftnefs of the . 
svorks, and the little cxpence, in reipe<a to the 
extent of the town, makes this method far 
preferable to any other. 

For we fuppofe the town wall no higher 
than the counterguards and ravelins, fo that a 
line drawn from the infide of the parapet of 
the body to the extremity of the glacis, de- 
termines the heights of the counterguards, 
ravelin, and the ridge of the glacis. 

We have made but two traverfes in each 
branch of the covert-way, but becaufe of 
their length, there may' be made three, t^ 
prevent better the enfilades of the ricochet 
batteries; theie traverfes need not be fo thick ' 
as they are generally made, for lo or 12 feet 
would be fuffigient to refift the jicochet 
batteries. 

As the flanks are here perpendicular to the 
lines of defence, it wals neceifary to make the 
countcrfcarp of the great ditch parallel to 
thefc lines, according to what has been faid 
with rcfpefl: to the true pofition of the flanks, 
at the beginning of this fedion. 
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If the lower flanks were arched and optri 
behind, in all plates that have two of three,- 
it would be much better, fince this would 
effedlually prevent the enfilading them, when 
they are not covered by oriilons ; they woulcf 
likewife be out of danger from the fliells, 
efpecially when there is a ditch behind, and 
the level ground goes floping towards the 
ditch. 



SEC T. IV. 

Of Irregular Fortification^ 

THE moft eflential principle in fortifi-- 
cation, confifts in making all the fronts 
of a place equally flrong, io that the enemy 
may find no advantage in attacking either of 
the fides ; this Can happen no otherwife in a 
regular fortification fituated in a plain or even 
ground j but is there are bilt few places 
which are not irregular, either in their work's 
or fituations,- and the nature of the ground 
may be fuch as makes it imprafticable to 
build them regular, without too great ex- 
pence ; it is fo much the more neceflary to 
ftiew 
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ihew-in V?hat;CQnflfts the ftrength or weak*, 
nefs of a town irregularljr fortified, fo that the 
weakeft part may be made ftronger by ad- 
ditional outworks j as likewife, if fucha place 
is to be attacked, to know which is theftrong- 
cft or weakeft part. ■ " 

All the authors who have wrote on fortifi- 
catioii, that I have feen, are fo deficient in re- 
gard to this, that not the leaft knowledge can 
■be gathered from their writings j they do not 
even mention any thing about it. From 
whence it feems to appear, that there can be - 
given rio general rule, whereby the ftrength 
or weaknefs can be difcovered; and if we 
confider the feveral attacks that were made 
in the late wars, one would be inclined to think 
that the engineers were no ways acquainted 
with it. A late author has mutilated, what 
is here faid, and enlarged upon the fubjeft 
;very much ; he had , the affurance, not to fay 
worfe, to perfuade the public, that all was 
his own invention, as if this work had not 
been known before his; but his whole per- 
formance confifts in nothing clfe than 9, heap 
of abfurdities. 

That M.f^auhan underftood irregular for- 
tification perfedlly well, is plain from thofe 
places he has fortified of thatkindi and yet 
L his 



.■i>, Google 



14(5 THE Elements 

' his commentators mention nothing of itj 
ihey very often lavifhly beftow their praifes oh 
fome of his works which do not deferve it, 
and arc filent upon thofc which are very juftly 
to be cfteemed. 

When the fituation of a place is fuch th« 
it cannot be regularly fortified, it ihould be ' 
contrived to make it nearly fo j that is, in- 
ftead of infcribing it in a circle, it jhould "be 
infcribed in an oval, fo that one half nwy 
be like and equal to the other half; ank 
when this cannot be done, it ffaould bb 
made as regular as it poHibly can be, and ' 
as much as the natare of the ground wifi 
admit of. , . 

But to reduce irregular fortification into 
fome form, that from thence their perfefiions 
and imperfections may be difcovered; wk 
ihall fuppofe, in the firft place, &at one half 
of the 'J>lace is equal and like the other half; 
and then fhall fhew the application of this 
, principle in all forts of irregular places. 

Proposition. I 

■ I 
FLXXlv. If a fortification be infcribed in an oval, 
that is, if the one half is equal and like -the 
o^r half; I iay, that the tides CD, GH, 

6 . OR ! 
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on tlie fiat parts, are ibongef than the fides 
AB» EF, on the narrow parts, fuppoilng all 
the exterior fides e<ju^ and the place equally 
fortified. 

It muil be ccmfidered, that a front may 
be efteemed more or left ftrong, in propor- 
tion as the befiegers are obliged to make 
more or lefs works in their approaches ; and 
when thefe approaches are fuch^ as beihg 
produced, fiiall always fall without the for- 
tification, otherwife they may be fccn in 
front by fome of its parts ; therefore when 
the angles BCD, CDE of the polygon arc 
very great,, and the befiegers come within 
a fmall diftance of the works, they cannot 
approach any nearer without being fecn in 
.front, excepting by a dired fap, with tra- 
verfesj and as this way of approaching pre- 
fents but a fmall front, the befieged, who 
have a much larger, may oppofe what ob- 
ftacle they pleafe. 

And on the contrary, if the angles HAB, 
ABC of the polygon are very fmall, the be- 
{jegers may carry on their approaches to the 
very counterfcarp, and have always a larger 
front than the befieged. 

Moreover, as the befiegers muft extend 

their approaches to three ffonts,. whether 

L 2 they 
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they are fmall or large, the work of the 
approaches before the front BCDE, will be 
to th^ work before the front HABC, as the 
line BE is to the line HC nearly;- that is, 
as the greater axis of the oval is to the leHer} 
Confequeritly the front CD on the flat fide, 
is ftitonger than the front AB on the narrow 
fide.' 

Corollary I. 

Hence it follows, that the longer the 
exterior fide CD of a polygon is, provided 
^hc lines of defence are within the reach of 
mufket-fhot, and the angles BCD, CDE 
of the polygon the fame, the ftrongcr th« 
front will be' ; fince the works become more 
fpacibus, may hold more troops to defend 
them, and the befiegers are obliged to ci- 
fend, their trenches farther. 

COROLLARV II. 

It follows lifcewife, that the greater the 
angles of the polygon BCD, CDE are, the 
exterior fides being the fame, the ftrongcr 
the front CD will be ; becaufe the length 
pf the line EE increafes^ and the extent of 
• , the 
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the befiegers approaches in proportion* as 
has been proved in the foregoing propo-t 
fition; confequently the ftrength of a forti- 
fication increafes in proportion to the number 
and length of its fides; that is,' a dodeca- 
gon is ftronger than an o<3:agon, fupppfing 
the length (^ their fides equal; and an otSta- 
gon, whofe fides arc ' 200 toifes each, is 
ftronger th^n another ofiagon, whofe ■ fides 
are only iSoj and hence a right line forti- 
fied, is the ftrongeft of all, contrary to the 
opinion of moft engineers: there are even 
Ibme, who imagine precifely the contrary 
to be true. 

Mr. Villenewuey a French author, at the 
end of his regular fortification fays, that if, 
inftcad of fortifying a regular odagon in the 
ufual manner, a fquare was made fo as the 
fides are equal to 360 toifes, or double the 
fides of the octagon; and making flat baftionsi 
in the middle of thefe fides. To as three 
baftions being placed in a right line, 1 the 
faces being 50 toifes, and the perpendiculars 
22 toifes and 3 feet, which is one eight of 
the exterior fide; this figure wouU be more 
advantageous than the odlagon fortified in the 
ufual manner. , , 



H9 
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As the angular baftlons arc weaker than 
the others by what has been' proved before 
he would have counterguards made before 
them, and their gorges retrenched, as like- 
wife tenailles ia the ditches : i^ this method 
be confidcred with attention, it will appear 
not altogether ufelefs; for as the attack is 
reduced to the four angular baftions, they 
may be well fecured by outworks, with left 
cxpence than the common oftagon; for if 
inftcad of making tenailles, I would make 
rams-horns next to the flat baftions only, in 
order to increafe the defence of the angular 
baftions } and if finall lunettes were added 
next to the counterguards, fo as to defend 
their ditches, it would increafe the defence 
coniiderably. This fortification has another 
advantage, which is, that the infide may be 
filled with regular buildings, and the flreets 
made at right angles to each other, without 
lofing an inch of ground. And though the 
capacity of an oftagon is greater than that 
of this fquare, yet the latter will contain as 
many buildings as the former. 

A late Eng/ijh author goes upon quite 

contrary principles j for inftead of making 

an oftagon, whofe exterior fides are 180 

^cs eac|i, he would make an enneagon, 

whofc 
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whofe exterior fides are to be 170 toifee 
orflyi whereby he pretends to gain great 
advantages. But as an enemy is obliged. tO: 
carry his works no farther than three fides,. 
he will have lefs work to do in the attack of 
the cnneagon than ia the oiftagon; and as. 
the angle of the polygon in the firft exceeds 
by 5 degrees only that of the fecond, the 
fmall advantage arifing diercfrom, is by no 
means fufficient to balance the di&dvantage 
of lefllcning the fides j nor does it anfwer the 
expence of that ballion which 'is added to 
the oftagon. Befides, we have proved, and 
it is allowed by the moft able engineers, that 
the longer the exterior fide of a fortification is, 
the fironger it* will be, provided the lines of 
. defence are not too long for muflcet-fliotj 
becaufe you can always place more men and 
guns in the works. 

N, B. The truth of the foregoing pro- • 
pofition and its corollaries is likewife con- 
firmed by prailice, and experience ; firft, as 
to pradlice, if the plan of Namur be confi- 
dcred, it will be found, that' at St. Nicolas gate, 
where the town is narroweft, there are more 
works than in any other prti at Cambrt^, 
near the Canfipers and Seille gates where the 
place is natroyvcr than any where ejfe, there 

L4 arc * 
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are horn-works; at Lille, near the gate of 
the iick, is a caftle in the curiain, a ravelin 
and counterguard before it, as likewife a 
horn-work before each baftion : abundance 
of other examples might be given, which 
confirm the foregoing propofition. 

Experience has fliewn likewife that large 
places moderately fortified, have made bet- 
ter defences in proportion, -than fmall. ones 
of more works;' fdr Metz in Lorrain was 
be'fieged, without fuccefs, by Charles the Vth, 
emperor of Germany and king of Spainy al- 
though he ^ad an army of 1 00,000 men, 
and the town was only fortified with a fingle 
rampart, without baftions and a dry ditch 
before it;" Lille in Flandejs, when befieged 
by the allies, made a much better defence ■ 
than any other place in that country; and 
laftly, Prague in Bohemia^ when befieged 
by the Aujirians, which has but a rampart 
with baftions and a dry ditch, and yet the 
befiegers were obliged to abandon it; with- 
out being in a condition to take it. 
■ An ingenious gentleman has obferved 
very judicioufly, that an army of 30,000 
men may eafily defeat 40,000 men divided 
into two or three parts feparately, though 
not the whole together: the fame reafon 
holds 
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holds good in fortification; for one place 
ibrtified moderately, and garrifoned iwith 
30,000 men, will make a better defence 
than three equally fortified, with a garrifon 
of 1 0,000 men each. 

It may be faid, that thefc places had ftrong 
garrifons, ikilful goveriiors, and well provided 
yvith every thing neceflTary for a good defence, 
and that the Auftrians before Prague, were 
in want of artillery and ammunition to carry 
on the fiegc, and that the fame place was 
taken a year before by the King of Pruffia 
and the French^ in the firft afl*auit. To diis 
may be anfwered, that thefe places were 
only garrifoned in proportion to their extent, 
and /i/7/i?'was obliged to furrender fooncr 
than it would have done for want of powder 
^nd ammunition J and as to Prague,. \£ the 
Aujlriam had been well provided with ne- 
ceflaries, they would have found it a difficult 
matter to force it, as may be judged by their 
beginning, fince what works and batteries 
they made were deftroyed by the bcfieged, 
and their cannon nailed up. 

There are feveral other advantages in large 
fortified places, which cannot poffibly be 
had in fmall ones; as that the fick and 
)vounded may be lodged ■ is a quarter re- 
mote 
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mote from the attack, where tjjey are prettj 
^uxe from, the befi^ers ibeUs and caonon- 
fliotj the feveral artifices neceflajy in a fiege 
may do their bufinefi with lefs diilurbance ; 
and thofe troops which ace not on daty may 
reft and i<cfre4}k themfelres, whereby, they 
are better able to do their duty;, and laft^, 
the powder may be kx^od in fevecaL maga- 
sines at fome diftaoco fix>m each, other, fo. 
that it is not in the beficgers power to deftroy. 
diein> at leafl not all; whereas it is a difficult 
matter to lodge powder in fecnre places in 
finall fortifications, the iick and wounded 
are in a continual apprehenfion of being de- 
ilroyed by the Ibells of the enemy, as hap- 
pened in the fiege of Oftend laft war, where 
there was not any one place fecure iiem. 
danger j and the troops not on duty* having 
no place to reft thenjfelves in without fear» 
will never be able to a£l with thatfplrltas 
they would do otherwife. 

It appears to me a vain imagihaiioin to 
think, that a fortification ever £b ftrong, witli 
a fmall garrifon, can refill long a numerous 
army ; for if their lofs is ever fo inconfider- 
able, in refpc^ to that of the beficgers, it 
muft neverthelefs prove a great detriment to 
them in the end^ on the contrary, nothing 



.■i>, Google 



OF FORTIFICATION. 155' 

in my opinion, but a proportionable number 
of troops in a garrjfon, to that of the bcfieger's 
anjiy, can make a proper defence according 
to the bignefs of the place- 
It may be faid, that cafemats or under- 
ground lodgments may be made for th? 
.troops to reft in and refrefh themfelves; but 
this cannot be done without great expence, 
and therefore the qucftion is ftill, whether 
this expence is not better laid out in making 
a larger fortification, fuppofing the pkce is 
of fufficicnt importance to a nation'; we ex- 
cept however thofe which are only made to 
defend a pafs or a port, which might prove 
a temporary advantage to an enemy. 

Having thus proved the foregoing propo- 
fition, and confirnied it by pradlice and expe^ 
rience, it will ferve as a maxim or a general 
rule, on which irregular fortification is to bq 
eftabliftiedj as likewife a ftandard, whereby 
the ftrength or weaknefs of thofe already 
fortified may be difcovered. 

As the fituations of irregular places arc fo 
various, it is impoffible either to enumerate 
them, or to give art example of each; there- 
fore we fhall endeavour to give fuch as ar« 
moil common, and ufeful at the fame time,i 
\>y which ■ the intelligent reader may be 
guided 
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guided in any other cafe that may occur to 
him. 

If a iituation is fuch, as to make it im- 
pofiible to reduce it Into -a regular fdf!n> 
it Ihould be brought to. one as near as can 
be. done; that is, if the polygon cannot bc- 
infcribed in a circle, it Ihould be infcribed 
in an ellipiis or oval ; but as this infcriptioa 
is pretty difficult, we will give another me- 
thod, which anfwers the lame purpofc, and 
is very eafy in pnnflice. 
n.xxiv. Suppofe a fpot of ground to be reducible 
to the figure ACEG, draw BE, AF parallel 
to each other, fo as the interval may be 180 
or 200 toifes, more or lefs, according as the 
nature of the ground will admit. 

To thele lines draw CH, DG perpendicu- 
lar, and equally diftant froin the points B, E, 
fo as their interval be equal to that of the lines 
BE, AF ; this done, draw DC, OH parallel 
to AF, BE, and equally diftant from them, 
and from their interfedtlons C, D,H, G, with 
DG, CH, as centers, defcribe arcs, with a 
radius equal to CD, or GH fo as to interfeit 
the lines AF, BE, in A, B, E, F, and join the 
points A,B, and E,Fi then will ABCDEFGH 
" be an oblong oftagon, fo that one half will be 
(iijiilar and equalto.the other half. 

' Much 
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Much after the -fame manner may be de- 
icribed any other polygon ; for example, iii 
an exagon, inftead of drawing the two lines 
CH, DG, there need be but one, in a de- 
cagon three, and in a dodecagon four. ^ 

tf it flipuld fo happen, as that all the 
fides cannot be made equal without too 
much expcnce j then the fides AB, EF, on 
thfe narroweft part of the polygon, Ihould 
be the longeft, if poffible, on account of it's 
being the weakeft, as has been proved be- 
fore. 

It may fometimes happen, that the figure 
cannot be made regular in any refpect ; in 
iuch a cafe, the ftrenglh of each fide mull 
be eftimated according to the works a be- 
fieger is obUged to make in the attack, and 
according to the obftacles he meets with in 
his approaches. 

If fomc parts of a place are comnlanded 
in front by a hill, the parapet muft be raifed 
8 or 9 feet high, inftead of 6* only, as is 
cuft»mary ; if it is in the reverfe, then a 
traverfe muft be made along j^e capital of a 
fufficient height to cover the work ; or in 
both cafes, cavaliers may be made nearly in 
the fame form of the baftion. 
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It may fometimes happen, tlmt there !s- 
an abfolute neceffity of fortifying a re-entriiig 
angle, in which tafe, the works muft be 
-jconftrmacd in fuch a manner, that there 
may be no part but what can be flanked, or 
feen by fome other part ; in fhort, all that 
,art and knowledge can fumilh fhould be ufed 
in irregular works 3 the weakeft parts fhould 
be made ilroqg by an additwn of worksj 
care muft be taken that no part be com- 
manded by a neighbouring hill, cm: rifing 
ground} ^d if that cannot be avoided, to 
raife traverfes or cavaliers j in general, par- 
ticular care Hiould be taken to make every 
£de equally ftrong, and to be as frugal ia 
the expence as poflible, that the expence of 
huilding and the maintaining a garrifon, may 
Dot exceed the advantage arifing from the 
fortifying of the place. 

I have feen a projeft of a fortification 
which was to be built near a pafs, to occupy 
. a hill which commands a neighbouring for- 
tification *, of a very odd figure, although 
made by an engineer of ^eat repute $ it 

• 5^i>&'%i'^ClftlelllnMlfrM. Tfa^s htH coiiniiBdi tk 
barboar, as well ai allj!iewetic(«f thecafUe, «iu] ]«tit lui 
txta negleflcd hitherto ; wbai ale there can be made of it 
bj the befiegen. wi\ I m afraid, Ibim bc known, bat hopa 
ibit will eaation ua another dae. 

wad 
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was impoffible to judge, from the difpofitipn 
. of the \tv^, for what 'intent the fortification 
was to be made. 

When a place is to be fortified, it is of 
the gieateft impprtaooe to employ fkllfiil 
engineers to form the projeft 4 and to Jiavfc 
it afterwards examined with great care arid 
jadgment by others, in order to be fatisfied 
that the ^figure is properly adapted to flic 
diti^ation and nature of the ground, and the 
number of wodcs anfwerable to the impoft- 
-ance of the places ^ut above all things, thb 
<acpencc of^building, as likewife the number 
of troops for the gamifon, fliould be wcH 
confidered^i for without that it is morally 
impoffible Jthat tbe place ftiould anfwcr the 
end for which i^ is built. 

Ndtwithftanding that the foregoing prin^ 
ciples are or ought to be quite obvious to 
any one that has the leaft knowledge in for- 
tification, yet many examples might be pn>- 
duced, wherein one would imagine that the 
projeftors had net the leaft regard to this 
precept, but on the contrary they fcem to 
defplfe -all the principles which are not of 
th^ ovm invention. 

Cm- 
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ConflruBion of an irregular place 
Jiiuated in an open country. 

If .the place to be fortiBed is an old 
town inclofed by a wall or rampart, as it 
moft frequently happens, the engineer is K> 
confider well, all the different circumfiances 
of the figure, fituation, and- nature of the 
ground, to regulate, his plan. accordingly, fo 
as to avoid the difadvantages, and gain all 
the advantages poffible; he fhould examine, 
whether by cutting off foine parts of the old 
■wall or rampart, and taking in ibme ground, 
the place cannot be reduced into a regular 
figure, or nearly fo j for, if tfaat can be done 
without increafing the expence confiderably. 
it. Ihould by no means be omitted; old 
towns have often towers placed from diflance 
to diftance, as Doaay, Tourriay, and many 
other places, which are generally made ufe 
of, . and mended when it rnay be done % if 
there is a rampart without baftioos or towers, 
it muft be well confidered, whether baftions 
may not. be added, or if it is not better to 
make only fome outworks ;■ if the ditch 
•about this rampart is not too wide and deep, 
it would be advantageous to make detached 
baftions. 
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iiaftionSj otherwife ravelins and counterguards 
mart: be conftrufted : fpecial care mull be 
taken, to make all the lides of the polygon . 
as nearly equal as poffible, and that ^the 
leilgth of the lines pf defence do not ex- 
■ ceed the reach of muiket-fhot ; but if that 
cannot be done, thofe lides which are on the 
narroweft part lho,uld be made the longeft. 

If it Ihoald happen that fome of the fides 
are inacceflible, or of very difficult approach, 
cither on account of fome precipice, marlhy 
ground or inundation, they may be made ■ 
much longer than the others, which are of 
eafy acccfs, and the flanks need not be fo 
large a? the reft; by doing fo, there will 
be fome expences faved, which may be uled- 
in making the other.fides ftronger, by adding, 
more outworks. 

There are few fituations, but what are 
more advantageous in fome parts than in' 
others; it is therefore the bufmefs of an- 
engineer to diftinguilh them, and to render 
thofe fides ftrong by art, which are not -Co' 
by nature. , , 

If t)ie fituation is low and watery, lunet-: 
tcs or tenaillons, and fuch other fmall out- 
works, fliould be xonftruifled, becaufe they, 
are not of any great expence, and may 
M make 
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make a rety gQod defence ; but if one fide 
of the place is only low, and running vrater 
is to be had, a fecond ditch and covcrt-way# 
with lunettes, may be made, by obferving, 
that if the firil glacis is made to fl<^>e* 
fo ^8 to become even with- the level of the 
water in the fecond ditch j 'or if the water 
can be fwelled, by means of dykes or fluices, 
fo as to overflow the beft part of the firfl: 
glacis, it fiiould be done j for by fo doing, 
thefe works will be able to make a very 
good defence, fince the befiegers will find 
it a difficult matter to lodge themfclves upoa 
this glacis, which cannot be done but withift 
a few toifes of the firft covert-way, where 
the befieged are ready to receive them, and 
to deftroy their works witk great advan- 
tage; whereas the enemy cannot fupport 
• their workmen but from the fecond covert- 
way, which is too far dF to be of any great 
fervice to them. 

But if the fituation is of a dry nature, 
without any water about it, caponiers fliould 
be made in the great ditch, from the cur- 
tains to the ravelin, and batteries railed in 
the entrance of the ditch before the rave- 
lin, whofe parapet muft Hope off into a gh-j 
CIS, fo as to afford no cover for the enemy 
behind 
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feehind th?m; arrows and detached redoubts 
are Hkewife very proper to be ufed ia fuch 
a cafe, and fometimes horn or crown-works, 
if it (hould be thought convenient j but 
thefc works fhould never be conftruded, 
without an abfolute neceffity, either to oc-r 
cupy a fpot of ground which might be ad- 
vantageous to ^the enemy, or to cover fome 
gate or entrance into the town, for they are 
of gteat lexpence^ and their defence feems 
not to be anfwerable to it. ■ 

Moft of the places in Fianders are fortiT 
fied with horn-works, fuch as Ipres, Tour- 
nay, Lille, and others ', hUle has four, Xpras 
as many, two of which are injudicioufly 
placed near one another. I am furprifed 
that M» Vauhaut who undoubtedly was in 
all refpciSs the beft engineer, and who for- 
tified many places with fo much judgment, 
ihould have been fo fond of making thefp 
kind of works, which are, in i^'^ opinbn, 
ithe worlt of all his forti6 cations, in the 
manner they have been , conftruffted in the 
above-mentioned places j it muil certainly 
have been before he bad acquired that kijowr 
4edge, for which he is fo much efteemedj 
iand ^hat renders this conjeiflure probable 
k, that be has bat feldom oiftde ufe of 
Ma them. 
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I'ree; cr InJ^gs ini .::'.:"rj wT:t;r5 tar tfee 
^ine rEU_;:i, cicsr"iz*a Lks is, cr nsiTbc 
rr;iic rj.T'.ja!:Ie; ^ccii w::::^ l-iccli fcc Lid 
eirlicr >i±i:2 tl-e rli:^ cr zerzz n;, Sx it is 
ai:c'--:;lT nec^fTzry :"-T rren. iiii attic ; 
tlie zir .Iiccic be :s-Z':Ici:n*, ctfcerwise tf»c 
cccii'jal ickzeij tha: r:iiT rs:^ ia fixii a 
p?:!ce ciicb: pi^vent pe::Ii: m ccae and 
live rn It, ird uie ^irrlica wculd not be in 
s. ccciilin to lincni t!:eiiiil:l7es as they 
cu^-t C3 CO; in, Laort,i3. the iiSrcct cir- 

thc-^Ii be irar^.-.- .- -jGn^JeKii, before a. re- 

Whca 
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When a fituation is pitched upon, the 
next thing to be coiifidered, is the bignefs 
of the town and tlie number of its outworks, 
\^hich muft abfolutcly depend upon the cbn- 
fequence fuch a place is of to a nation ; if it 
is only to guard a pafs, or entrance into a 
country, it need not to be fo large; but if it 
is to be a place either to promote or to pro- 
tedt trade, it fliould be l^rge and commo- ' 
dious; the ftreets fhould be wide, and" the 
buildings regular and convenient; as to what 
regards the fortification, its conftruftion fliould 
depend on the nature of the fituation, and 
the number of works, on the funds, or ex- 
pence a prince or a nation will be at; 
which however ought to be according to 
the benefit arifing from fuch a place. For 
as fuch undertakings are of very great ex- 
pence, an engineer cannot be too Iparing in 
his works; on the contrary, the greateJi q;cq- 
nomy fhould be ufed, both in regard to the 
number of works, and to their conftrudion. 
The body of the place may have*revetements 
quite up to the top, or only in part, and the reft 
turfed; but as to the oLitworks, they fhouiJ_ 



s are chitRy made to prevent a pj-ije f- -a, 
beiiig furprifed ; outwotks do an want tr>' te ni!".io i"., ;;> 
taking tiiem by furprife is of ni) gi-eatcoi.!=<Jue).ce,i!yce;v Ji 
a fFge. wiien other cautions are uftd to p'leveni it. 

M,3 I,,,', 
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have lialf revetements, or they may be madp 
with turf onlyj as being not fo neccffary 
to prevent the place from being farprifec^ 
and may nevcrthelefs make a good defence. 

The plate XXIV. is the fJan of an ofla- 
gon, one half of which is fimilar and equal 
to the other half; it being fuppofed that 
the fituation would not admit of a forti- 
fication quite regular; the exterior fides are 
each 1 80 toifes, and the works are con- 
ftrufted according to our method; but be-: 
caufe the fides AB, EF are weaker than 
the reft, as has been proved before, we have 
added lenailles, redoubts in the ravelins, and 
lunettes, to render them nearly equal in 
ftrength with the others; and if counter- 
guards were made before the baftions A and 
B, it would effedually fecure that front. In- 
ftead of lunettes, any other works may be 
made, as it may be thought convenient, and, 
according to the nature of the ground. If 
it fliould be judged nfeceffary to add other 
outworks to the ravelins all round the place, 
care muft be taken to add likewife more ta 
the fronts AB, EF, in order to render the 
advantages and difadvantages of attacking on 
either fide equal, 
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ConfiruBion of an irregular place . 
Jituated on a hilly or roch 

In the conftru<Sion of fuch places, care 
muft be taken that no neighbouring hill com- 
mands any part of the works, the town Ihould 
always be built on the higheft partj but if 
it ihould be thought more convenient to 
place it lower, then the upper part muft be 
fortified with a fortj the fituation fliould 
be made level as near as poffible, by re- 
moving the earth from feme places to fill 
up others ; and if it cannot well be levelled 
without extraordinary expence, works muft i 

be made on the higheft part, fo as to com- 
mand and protefl: the lower; the works 
ought to occupy all the upper part of the 
hill, but if it fhould be too expeiiiive ti> 
be all inclofed, or fo irregular as not to he 
fortified withour great inconveni&ncy, the 
parts which fall without fiiculd be fortified 
with fonie detached works, and a commu- 
nication with the place muft be made cither 
above or underground. There fhould be 
no cavity or hollow roads within cannon-fliot 
round about the place, where the enemy 
might be able to approach under cover; if 
M4 , there , 
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there flioLild happen to be a fpring, near 
the top of the hill, it fliould be inclo/ed 
in the fprtification, or if that cannot be 
done, by fome work or other; for there is 
nothing inore neceflary, and at the fame 
time fcarccr in fuch fituqttons, than wa^er, 
for which reafon ther? cannot be too much 
care taken in providing it; feveral cifterns 
are to be made to receive the rain-water, and 
to preferveit; wells fliould be dug likewife, 
though ever fg deep, the' water of which 
wi!l ferve for common ufe. 

Places built on hills or rocks, fhould ne-r 
ver be large, lor rhcir ufe is generally to 
guard pafles or inlets into a country, and 
are feldom ufcful in traffick, and it is a dif-r 
ficult matter to provide for a large garrifon 
in furh fiturttionsj neither fhould any fuch 
places be built without fome very material 
, re.iiQns; but when it is abfolufely neceffary, 
great caj-e and precaution fliould be taken 
to render the works as peifed as_the fituation 
will admit of, and at the fame time to be as 
frugiil in the expence as pofiible. 






OF FORTIFICATIOiN. ifi? 

CQnJlruBion of irregular fortijica-, 
tions, fituated near rivers^ lakes, 
or the Jea.^ 

As the intent of building thefa kind of 
places, is chiefly toiacilitate and proteft trade, 
it is of much more importance than any other 
kind, efpecially in maritime countries, where 
the principal ftrength and power depends on it; 
for which reafon, we (hall treat of it more 
largely than of any other part. 

The firft thing to be confidered is their 
fituations, which ought to be, fuch as to 
afford a good harbour for (hipping, of a fafe 
and eafy entrance in ftormy weather ; but 
a? it is hardly pofTible to find any, where 
(hips may go in and He fecure, with all 
winds, care (hould be taken to make them 
fafe to enter with thole winds which are moft 
dangerous ; .but it is not fuTncient that the 
harbour is fafe againft (lorniy weather, they 
fhould llkewife be fo againfl an enemy, both . 
by land and water; for it often happens that 
ihlps are deftroyed where it was imagined 
they were fecure, which is of too great a 
confequence not to be provided againft ; for 
which reafon^ forts or batteries muft be built 
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in the moft convenient places, to prevent 
the enemy's fhips from coming too near, lb \ 
as to be able to cannonade thofe in the har- 
bour, or fling fhelis amongft them j and if ' 
there is any danger of an enemy's approach by | 
land» high ramparts and edifices muft be built, 
fo as to cover them. 

When a river is pretty large, and it is not 
cwivenient for making a harbour without i 
great expencc, the fliips may ride along the 
iliore, which, for that reafon, muft be made 
flcceffible for fliips of burthen ; this may be 
-done by advancing the quay into the river, if 
the water is too Ihallow, or by digging the 
river fufKciently deep for that purpofe. 

And to prevent any enemy from coming , 
up the river, forts muft be built on both 
fides, efpecially when there is any turnings 
or windings. Antwerp is fuch a place, for 
the Scbeldh fufficiently deep to carry fhips 
of great burthen, which may come quite 
near the town-wall ; and feveral forts are 
built below it on both fides, fo that it would 
not be an eafy matter for an enemy to come 
up the river. 

When the river is but fmall, fo that no 

ihips of burthen can come through it ; it 

is fufficient to make it run through ibme 

^ of 
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of the works, where proper landing places 
are contrived, from whence the goods may 
be carried, into the place ; as at Sarrelouis, 
where a horn-work is built beyond the 
Sarre, in the gorge of which the goods are 
landed. 

If the breadth of the river doea not ex- 
ceed 200 yards, it commonly pafles through 
the middle of the town, and proper quays 
are made on each fide ; in fuch a cafe, tho 
fortification is fo contrived, as that the rivet 
paffes through the curtain, in order to have 
a. baftion on each fide to defend the coming in 
and going out. 

When M. Vaaban fortified near rivers, 
he made always the exterior fide near the 
water much longer than any of the others i 
fuch as Hunningen on the 'Rhine, and Sarre- 
louts on the Sarre j but foi* what reafon he 
fortified thefe places in that manner, has 
not been told by any author I know of; for 
thofe who beftow moft praifes on him, are 
quite filent in this refpcft, although thefe 
works fhew better, in ray opinion, his great^ 
-ikill in fortification, than many others foi: 
which he is generally efteemed 1 it is true, 
authors treat in general fo fuperficially of 
irrggqlar fortification, as would incline one 
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to believe that they either knew not the im- 
portance of the fubj'jift, or elfe imagined it was 
impoffiWe to reduce it under general rules or 
maxin:is, whereby its perfeiUons and imper- 
feflions might be difcovered. 

But it is plain, from what has been de- 
monftrated before, that the fides which ter- 
minate at the river, are the weakeft ; be- 
caufe the befiegers trenches being fecured 

■ by the river, they may ^raw moft of their 
troops off, and adl therefore with more vi- 
gour and ilrength on the other fide : be- 
lides, as the ftrength of a lide increafes in 
proportion as the angle of the poJygpn is 
greater, by making the fide next the river 
longer, the angles at its extremities become 
wider, and confequently the adjacent fides 
ilronger. 

There are other advantages, befides thefe 
mentioned already, which arife from the 
lengthening that fide ; for if the river is 
-pretty deep, fo as not to be fordable, that 
ildq is not liable to be attacked ; and by 

- increafing its length, the capacity of the place 
increafes much more in proportion to the 
eipcnce, than if more fides were made; the 
center of the placp will be Ijkewife nearer 
the river, which makes it moxe convenient 

for 
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for tranfporting the goods from the Water- ■ 
fide to any part of the town. 

To illuftrate this method of M. Vauban's, 
we fliall give the plan of Hunningen; this 
place was built for thcL fake of having a PiXXV. 
bridge over the Rbine^ for which reafon he 
made it only a pentiigoni the fide AB next 
to the river is 200 toifes, and each of the 
others but i8oj thd body of the place, as 
likewifc all the outworks, are conftruded ac- 
cording to his firft method, by obferving that 
the perpendicular to the tide AB is only 25 
toifes. according to the table given at the be- 
ginning of his firft method, and the capital 
of the ravelin before that front 28; whereas _. 
thofe of the others are 50. 

About the fpace abc, which lies before 
the front AB, is a ftone wall, and the paf- 
lages Xf X are fliut up with fluices, to retain 
the water in the ditches in dry feafons, and 
to prevent an enemy from dcftroying the 
fluice near the point c, whereby the water 
would run out and leave the ditches dryj 
the redoubt y was built in the little ifland 
■ hard by, in order to cover^that fluice; with- 
out this precaution the place might lie in- 
fulted from the river-fide, where the water 
is fliallow in dry feafons. , 

The , 
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The horn-work K beyond the Rhine ml 
built to cover the bridge, but as this worli 
cannot be well defended crols the river, tha 
horn-work H was made to fupport the other, 
There are likewife horn-works before th( 
ballions E, F, and a httle work before tfa< 
baftion aG, called Pat^, which we havfl 
omitte"d for want of room. 

There leems to be nothing in Jhis fori 
tification but what is well contrived, and 
here certainly the author has fliewn his ikill| 
the only things which appear to me fuperi 
fluous, are the horn-works placed before th( 
baftions E, F, and the pat^ before the baf^ 
tion G; for I think there are too man) 
works confidering the fujallnefc of the placc| 
and as the horn-works were chiefly made to 
fecure a fafe retreat over the wet ditch be- 
yond the glacis, as I fuppofe, in cafe of 
felly, a couple of detached redoubts migl 
as well have anfwered the purpofe. 

Some ©f my readers will undoubtedly fas 
furprifed to read my encomium on this for- 
tification, vvhilft M. Coeborn looked upon it 
as an ill contrived piece of workj but if they 
will be pleafed to confider that he was milled 
by a falfe or incorretft plan, for that very 
thing he faid was wanting, meaning the 
work 
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work 4&Ct which retains the water in the 
ditchf^ was ftdually cKecuted by M. Vauban, 
4s this fdaa £bews. 

Before we finifh the defcription <^ this 
plan* we fliaU ^ew bow to find the long 
£de AB, as being uieful in the following 
work. 

After having infcribed the two fides GE, 
GF, in a circk, draw the diameter CD» 
ib as to be equally diftant from the line 
joining the points E, F, that is, parallel to it j 
on this diameter fet c# 100 twfes on each 
ilde of the center, from thefe points draw- 
two indefinite perpendiculars to thediajneter; 
then if from the pointe E, F, as centers, two 
arcs are defcribed with a radius of 180 toifes, 
their interfei5lions A and B, with the faid 
perpendiculars, will determine the long fide 
AB, as likewife the other two FB and EA. 
In like manner may be found the long or fhort 
fide of any polygon whatfoever. 

When a place near a river is to be for- 
tified, for the fafety of commerce, particu- 
lar care fliould be taken in leaving a good 
fpace between the houfes and the water-fide, 
to have a key or landing place for goods 
brought by water j it fhould alfo be contrived 
to have proper places for fhips and bcwts to lie 
fccure 
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fecurc in ftormy weather, and in time of a 
fiege ; and as water-carriage is very advanta- 
geous for tianfporting goods from one place 
to another, as likewife for bringing the necef- 
fary materials, not only for building the forti- 
fication, but alfo the place itfelf, the expences 
will be leflened confiderably, when this con- 
venience can be had; for which reafon, pbces 
fliould never be built any where elfc but near 
rivers, lakes, or near the fea ; excepting in ex- 
traordinary cafes, where it cannot be avoided. 
For the better underftanding this important 
part of fortification, we fliall give fome ex- 
amples of various kinds, fi"om which the reader 
may gather the manner of fortifying others ef 
the fame nature. 

Example I. 

PLXXVI. We (liall fappofe a river of lOO toifes or 
more broad, and fuch as is always navigable, 
at lead for fmall velTels or boats, and the fi- 
tuation to be fuch as to admit of a regular 
fbrtificiition; the body of the place is a regu- 
lar oda'gon, and the flat fide next to the river 
cuts oS"a fourth part from the circle, and is 
lengthened fo as to be 360 toifss; the per- 
pendiculars are 35 toifes only on this fide, and 
all the others 30 j the faces 50, and the flanks 
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are foutid according to our method ; the great 
ditch is 16 toifes, and the ravelins are con- 
ftruded as ufaal ; (he lunettes L near the river, 
have one of their face* perpendicular to thfe . 
middle of thofe of the adjacent ravelins, and 
the others are parallel to the flat fide ; their 
ditch is 12 toifes. Within the flat baftion 
is a bafon B, to receive fhips, 40 toifes broad,^ . 
and its length is terminated by perpendicular 
lines drawn from the extremities on the ad- 
jacent curtaios, and a paflage is made in each 
flank of I o toifes, for the Ihips going in and 
out; thefe pafl"ages are fhut up with fluices, 
witJi a kind of a paflage over them, in order 
to have a free communication with the flat 
baflrion, and from thence over the bridge into 
the fort G, on the other lide of the riv^r. 

This fort is conftirufted in the following 
irtannerj from the faliant angle of the flat 
baftion, as center, defcribe an arc with a ra- 
dius of 200 toifes ; on which fct off two 
chords of I-20 toifes each, for the exterior 
fides, the perpendiculars to which are 20, 
and the faces 35 j the branches of this fort 
are perpendicular to the oppofitc faces of the 
baftion; the ditch before this work is 12, 
that of the ravelin 8; and the ravelin as well 
as the flanks are conftruftcd according to our 
N method. 
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toethod. The femi-gorges of the lunettes 
k are 20 toiies each; and the &ces are, the 
one perpendiculinr and the other parallel to 
the branches of the fort; they fci've to cover 
the entrance into the bafon B, which might 
othern^ife be fecn from thence ; the ditch 
before thefe lunettes is 8 toiks. 

The gorge of the redoubt H is 40 toifes, 
the flanks 10, the ^ces 30, and the ditch 
before it 6 j this work ferves for fecuring the 
retreat when the fort G is taken : and whilA 
the enemy is endeavouring to get mafters of 
it, the troops may retire in the (krk over the 
bridge iotp the towtv 

The rnarkct-placc A is about 70 toifes one 
way* and 50 the other } all the flreets 6,.which 
is rather too much for the by ones j our defign 
is not fo much to give the particular dimen- 
iions of them, as to (hew that they (hould be 
perpendicular to the river, and crofs eachother 
at right angles ; reierving the reft for the prac- 
' ti^ral part of fortification. 

, The buildings C, C, are defigned for naval 
ftore-houfee, E a ftorc-houfc for land fervice, 
D for barracks, and F are the bridges near the 
gates of the town. 

We have given the conftru6:ion of the 

body of the place and ravelins only, without 

deter- 
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determining the reft of the outwofks, w^ofe 
hutiiber and capacities depend on the impor- 
tance of the place. It ought to be remem- 
bered, that it muft be better fortified near 
the river than any where elfe, it being the 
weakcft paTt, as has been proved before. 

If tbefituation does not admit of a regular 
fortification, then it lAuft be conftrufted' in 
fuch a manner, m to approach as near to it 
as can well be done* without being at an 
cxceffive expcnccj and if there Ihould be a 
hill, or rifing ground within cannon-fliot, 
which can iee into feme bf the works, it 
muft either be fortified, or cavaliers are to be 
made in the oppofite baftions. 

It may fometimes happen, that the river 
forms a natural bafon for, fhipping, or they 
may be made ferviceable 'by a little work j 
fuch an advantage is by no means to be neg- 
levied, a fkilful engineer will know how to 
ufe all the advantages which the nature of 
the ground affords, fo as to be laving in the 
expences, and to make the phce in the moA 
convenient manner. 

The landing places may be made in the 

great ditch, near the curtains next to the river,. 

if it" is -thought proper; in fuch a cafe, part 

of thofe curtains may be left open, in order 

N 2 to 
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to lure a qn^. asd rcond dadc kind of 
hirbccm, iccie vnoris fkjoM be coaftradcd 
tz Secure tt« thip ia ume cf war. 

ExAMPLK n. 

It car fcractiTTies be Jod^icd more cm- 
TTsknt to tc3i the pbce c^ bodi &dcs the 
mcr, thin cd ggc coIt ; in {ixh a cafe, Ac 
liTcr ibocld alwars pais dirccgh the cnrtztns, 
in frdcr to hxrc a iink. oo each cie, to defe nd 
is ermaccc snd coining cnt; if the ritw is 
not Tciy Urgr, the cnrtam; nsxj be bailt a- 
cicfi the ri»cr acc-i arches, «{:idi in^ be 
Tnzie to ifcat is. the n-gbt, cr in time of a 
Leg?, with pcrtcolikesi and the middle arc 
nur be niiie wider thai: the reft, and left 
cpen at tctf, with a <feaw-bric^ over it, Ibr 
ihirs :c £J thrca^h. Bat if die cirer k 
above ICC t.~ues lir^c, lac baSdtng curtains 
3CTX-i5 wcjIJ !re tco eipenSrc; in fuch a cafe 
a rcrt, i". ch a= 5, irjiy be maJe in the middk 
oi" It; fconi whence drains aod booms may 
be hid t3 the -bore in the night, and in time 
cf car.^. 

The c^^:rruclioa of the bcdr of Ae pkc« 
c^ay be 25 fcLiowi: 

Sup:>:'aag the ttuition to be fodi as to 

ac;:ii: cj a reg'jiir ccoumdaoni eadi fide is 

• part 
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a patt of a regular cxSagon, infcribed in a 
circle, whofe centers ■ O are within 1 6 toifes 
■ from the river; the body of the place is con- 
ftruited according to our method, and the^ 
ditch is 1 6 toifes ; as to the reft of zhe. works, 
their number and bignefs may be made;in ■ 
what manner it is thought proppr, ajid ac- 
cording to the importance of the place. ' 

The ftreets are to be perpendicular to the 
river, and to crofs each other at right angles ; 
and for a greater convcniency of tranfportiLig ■ 
goods from the fliips to the market, a niarbetv 
place may be made on each fide near the river. 
We have added lunettes, fuch as A, to defend 
the entrance and going out of the river, one 
of the faces of which is perpendicular to the 
bppofite faces of the baftions within 25 toifes 
of the (houldersj this fece is about 6o toifes 
long, and the others are fo drawn, as to be 
perpendicular to each other. 

As the enemy will hardly attack the place 
near the river, becaufe an attack made on 
one fide only, is liable to be enfiladed from 
the other by the garrifon ; and when it is 
made on both fides, the troops arc divided, 
and not in a condition to fupport each other ; 
it is not therefore neceffary to make the for- 
tification ftronger there j on the contrary, as 
N,3 . it 
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it win fHpbably t»e attacked on the fide quite 
oppofite to the riv?r, fome more works ihould 
be made in this pli^ce. 

Notwithftanding the booms and chains, 
which are to be laid acrpfs the river, in thq 
night atid in tinie ef danger, the enemy may 
find aa opportunity to fprctj his way through, 
whereby the place ^ig^t eafily be taken^ 
To prevent which a waJl of 8 or i o feet high 
Should be bpilt along t^ fiver, with iio^ gates 
opppfite to the ilreets, fo as to be locked up 
at night. 

Example III. 
Places buik near the fca are oi the greateft 
importance to a natioQ on agcpuqt of trade }. 
fo they require likewife the gyeateft care in 
the chufing their fitu^tions, in fuch a manner 
as to be of the If aft ejfpence in building, and 
the moft convenient for fliipping. We fliall 
fhew how fuch s^ place may be fortified, when 
the fituation is plain ajnd eve^, and where 
there is no harbour formed by ni^ture. 
Pl«e This plan is a part of a regular decagon, 

four fides of which are cut ojff'.fpr the flat fide 
next to the fea, the pei;pendiculars to which 
are but 15 toifesj 9II th,e reft of the works, 
are conftruded as u^lj as the place is 
weakeft ■ 
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weakeft near the fliore, we have added lu- 
nettes with bonnets, to make it nearly equal 
in ftrength there with the reft of the fides ; 
we hare added no omtworks befidea ravelins 
and lunettes near the.waterlides, becaufe tbeit* 
number and capacities depend on the impor- 
tance of the place. 

The bafons or harbours A, A, are 30 toifes 
broad ^nd 80 longj and the entrance into 
them I o J this we imagine might be fufficient 
for ihips going in and out : however, it may 
be made more or lefs, according as it will be 
thought convenient; our defign being rather 
to fhew the figure, and in what manner it 
may be done in (bme cafes, than to pretend 
to give the exadt dimenfions, which oaght to 
be determined by experience, or accwding to 
the nature of the fituation. 

The channel or road C, leading into the 
bafons A, A, is 18 toifes broad, and mufi: be 
as long as the fliallow water goes ; B, B, are 
two femi-circutar forts to defend the entrance 
into the harbour, which being made of that 
figure, are better for defence on every fide. 
If thefe forts fliould not be thought fufficient, 
one or two more may be made between thefe 
and the place, or on fome flats or fands where 
the Ihips cannot come too near. ' , 

N 4 The 



.■i>, Google 



i84 THE ELEMENTS 

The buildings D,D, are naval Jlcve-houres^ 
E a ftore-houfe for land icrvicc, and F th« 

barracks. 

The ftreets and other biiildings are to be 
made nearly in the manner expreffed here in 
the plan ; but the market-place might be 
made quite open to the fea, if it is thought 
proper. 

Wc fuppofe here in this plan, that there 
is no harbour formed by nature, for which 
* reafon an artificial one is made ; but if there 

be any bay, creek, or large bafon, formed 
by the fea, or a river, it ought to be ufed 
ind enlarged, if neccfl^ry, and fometimes 
moles are made to form a harbour, as at 
Gibraltar j by which a great deal of labour 
and expences are faved. 

If a place is to be fortified in an illand 
formed by the fca, and there is a navigable 
river, then the propcreft fituation will be at 
its entrance, if the river is but fmall ; or a 
little way up in the land, if it is pretty large, 
fo as npt to be in danger of a bombardment 
from the fea ; but it muft he obferved. that 
here, an^ in all places of this kind, the con- 
yenlency for making a good harbour. muft 
chiefly be cpnfultcd, whofc entrance fhould 
always be defended by two or more forts or 
(latteries, placed on both iides of it. 

■••■■• . jj 
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OF FORTIFICATION. 

It will alfo be proper to take particular 
notice, that if an enemy may land any where 
thereabouts, the forts muft be built fo as to 
be every where equally ftrong, in order to 
be in a condition to refift^ which way foever 
they may make their attack , the want of this 
coniideration has often proved of dangerous 
confequence, becaufe if thefe forts or batteries 
maybe furprifed, the harbour will lie open 
to the enemy, who therefore may enter 
without any further danger, deftroy the fhips, 
and take the town; It is by no means fuffi- 
eient to raife batteries in fuch places as com- 
mand the entrance of a harbour, without 
eonfidering likewife whether their conftruc- 
tion is fuch as to anfwer the purpofe for 
which they are built, they will otherwife be 
of very little ufe in the defence of the place : 
if there ihould be but one or two fuch places 
where an enemy may land, they ought to be 
fortified with fome fmall works ; but if there 
are feveral, it is much better to build two 
good forts, one on each fide of the harbour, 
near fome ihallow water, fo that the fliips 
may not approach too near, to prevent their 
being demoliflied by them. 

If a fmall iJland formed by a river is to 
be fortified, care mart be taken to occupy 

the 
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the whole ifland, if poflible, in order that the 
■works of the fortiBcation may defend CTery 
part of the firm land, whereby the enemy will 
not be able to land any where withoat great 
danger and difiiculty ; but if the iHand fhould 
be fo large* that the whole cannot be conve- 
niently foii'i&cd, and fome parts are accefdble 
and others not, the place fliould then be built 
in the mofl accelQble part, and the others, 
if not too many, may be fortified with fmaU 
forts or batteries. 

If there is any lake of feme length, or 
which difcharges its waters into a navigable 
river, a place built near it will be very con- 
venient for trade; although a lake has no 
communication with the fea, or is not navi- 
gable, at leaft for large (hips, yet it may be 
very ufeful for trading vrith the coontry round 
about ; the bignefs and ftrength of fuch a 
place mufl be according to its importance. 

We have thus explained, in a few words, 
the manner of fortifying places fituated near 
navigable rivers, lakes, or the^ fea, which is 
far from being fufficient to give a compleat 
notion of the fubjedl ; it would require a 
whole volume to enumerate all the different 
circumftances that may poffibly happen, ci- 
ther in refpeft to the various fituations forriied 

. ' by 
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by Rature, the ^;onvenienciefl, required tQ f^ve 
expences, or their importance With regard 
to traffick J for ajl thefe confiderations are to 
be maturely confidered aiid well Weighed at 
leifure, before ap undertaking of t'lys jmppr- 
tance is put in execution.. 

It would be 3. help to the reader, if a great 
many plan? of places, already executed, were 
collefted ; . for by examining them with aU 
the attention and care that is poflible, and' 
not omitting the leaft circumftancesi arifmg 
from their different fituations or.naxure of the 
ground ; 3s Ukewife from the importance 
they are of either to proteft or incr^afe trade- j 
and then taking notice for what reaibns works 
9re made in fuch a manner in one cafe, and 
different in another, a right not;ion might 
be formed of the fuhjed, ib as to be able ti» 
proceed in any other cafe of the like nature. 
But as this would fwell the work too much, 
and draw it into a greater length than is agree- 
able to our purpofe, we fliall finifli this part 
with explaining the fituatiqa&of a few places , 
already built, to fufply, in fpme meafure, 
what is wanting to compleat the fubjedt. 

At Dunkirk is a bank of iand before the 

cntraqce into the harbour, nearly parallel to 

the flwre, which is aa admirable defence 

againft 



■ i>, Google 



i88 THE ELEMENTS 

againft any bombardment ; for when fliips 
lie without it, they are too far from the place 
to do it any damage i and if they Ihould ven- 
ture to go between this bank and the (here, 
there is a fort built fo nigh, which would 
deftroy them, as not having fufficient room 
for worlcirig a {hip, fo as to turn about ; the 
channel leading into the harbour is pretty 
long, and defended by two forts on one fide, 
arid three on the other, which makes it im- 
prafticable for an enemy to pafs through it. 
Another great convenience this port has, is, 
that there are three rivers, coming from the 
inland country, which run into the harbour j 
at their entrances are fluices, which are Ihut 
up at high watef and opened at low, which 
carry out tlie mud and fand brought in by the 
iea, and thereby prevent the harbour from 
being choaked up. 

Whenever a fituation is to be found, that 
has thefe advantages, it (hould not be neg- 
lefted, fmce it faves great cxpences in keep- 
ing the harbour always clear, and renders an 
attack by fea impra£fcicable.. 

Ofiend lies clofe to the fea, and the road 

leading into the harbour, which lies oppofite 

to the fea, pafles by one fide of it ; but as the 

entrance is very difficult, and no wind but a 

north- 
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north-weft one will permit any Ihips to enter, 
and the town being liable to a bombardment, 
fuch a fituatiort as this is not to be ufed, ex- 
cepting other reafons occur for fortifying it; 
this place has one advantage, that it cannot 
be attacked by land but on one fide only,, 
which is along the fliore, becaufe all the 
other fides may be farrounded with water in 
the time of a fiege, and therefore the acceffi- 
ble fide may be made fo ftrong, as to make it 
a difficult matter to take it that way. 

This notion has been found to be erroneous 
in the laft fiege j for the French found means 
to place two batteries on the other fide of the 
channel that leads into the harbour, the one 
fired into the entrance of the channel, and 
the other diredly into the harbour. This 
laft battery being feen, from the face of the 
oppofite baftion, fomewhat oblique, where 
1 1 eighteen pounders were mounted, which 
would foon have filenced this battery, had 
the French not prevented it by tracing another 
cpaulement parallel to, and about 20 yards 
behind the firft,,and making the embrafures 
of the laft in a line with thofe in the firft^ by 
which they could fire into the harbour, and 
they were covered by the firft epaulement 
againft the guns of the place. 

Antwerp 
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Antwerp lies neaf the Scbeld, and has ntt 
other harbour than the river itfelf, which is 
large and navigable for fhips of great burthen-- 
A citadel is built above the town, to defeoct 
it againft an enemy coming by land, and b6- 
low are feveral forts on both fides the river, 
CO prevent an enemy from approaching it by 
water ; this place is fo happily fituateti, that 
it was formerly the principal trading place 
of all Flanders and adjacent countries ; but' 
afterwards, when the Dutch had ftiaked off" 
the yoke of the Spaniards, "and the beft part 
of Planders was fubjc£ted to the houfe of 
AuJlriOi the Dutch prohibited all the trade 
of this place, and transferred it to their own 
dominions. 

By what has been faJd with refpefl: to this 
place, the reader may eafily perceive the great 
advantages it haS; and that few fituations de- 
fervc fo much notice to be taken of theni as 
this. 

Boulogne is fituated near a creek going- pretty 
for up the land, at the entrance of which iff 
a bar difficult to pafs without a good guide ; 
and on one lide is a high- hill Whicfi com- 
mands it entirely, fo that the pUce isf fecUrC 
againft any attack by fea; for which reafon, 
fuch a lituation is not to be negleftcd; 

3 Dieppe 
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Dieppe is another place fituated' near the 
fea ; the channel or entrance into the harbour 
is guarded by two piers or moles, which har- , 
bour is nearly perpehdicular to the fea. with 1 

a turning near the channel. 

The channel and, harbour of this place 
fccm to be very convenient, and as they are 
chieBy formed by nature, the expence of 
making them muft be inconfiderablc ; but 
the place itfelf is fituated fo near the fea, as 
to make it liable to a bombardment, fuch a 
Situation ftiould therefore be avoided, except- 
ing forts can be made fo as to prevent the 
approach of an enemy's fleet. 

The laft fea-port we ihall mention is the 
famous one of Toh^w, fituated in the Medi- 
terranean J the entrance into the bay or road 
is large and fpacious, covered by a neck of 
land, and defended by three caftles, two forts, 
and fix batteries j the road is fb large, that a' 
whole fleet may ride in it ; adjoining to the 
town are inclofed two large harbours by piers 
or moles, the one for the king's fliips, and 
the other for merchant men ; the firft is much 
larger than the fccond, and its entrance is 
made in the form of a V open at bottoq^, 
by which the fliips are carried in gradually, - 
without danger of running againft the piers. 

To 
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PI.XXIX. To give an idea of this * harbour, which 
is certainly one of the fineft in ■ Europe, we 
have reprefented the plan of the town and 
harbour only in the 29th plate, though it 
would have been much better for the reader's 
information, to have added the road and en- 
trance likewife i but this could not be brought 
into fo fmall a compafs as to be inferted in (his 
book, without rendering the parts indiftindt. 
From this the reader may form a judgment 
how to proceed, if he fhould find himfelf 
employed in fuch fort of works : for nothing 
can be more inftruitive than examples of 
works executed; the precepts only, without 
them, will never make foftrong an impreffion 
upon the mind as is required in the execution 
of any projeft, which muft be perfeftly well 
underftood beforehand. Thofe that are cu- 
rious in feeing the manner of forming har- 
bours, may confult the fecond part of M. 
Belidor's Architedt Hydrauliques, where they 
will find plans of the moft noted harbours in 
Europe. 

Before we finifli this fubjeft, we think it 
will not be improper to give the principal 

* N.a. This plan has hy miftake been reverfed by iho 
CBgiavrr; fo ihat the king's harbour^ which appears On the 
rigitti Oioold be on the left. 

con- 



.■i>, Google 



OF FORTIFICATION. 193 

fconditions required in a fea-port town, and 
which ought to be obferved in the building 
fuch places. 

Firft, the harbour is of the greateft im- 
portance to all places of trade by fea ; it ought 
therefore to be well confidered, whether there 
is one to be found, which is formed by na- 
ture, fuch as a bay, creek, or a bafon, or if 
by the help of a little labour one may be 
madej for to make one entirely by art, be*j 
comes generally too expenfive, and they can 
never be made fo large, as to contain a con- 
fiderable number of fliipsj whether the road 
before the harbour has a fufficient depth of 
water for (hips of great burthen to ride in it 
fafely ; whether there is good anchoring, and 
the (hips qiay be fafe in ftormy weather, and 
efpecially the fliips may enter by fuch winds 
as are moft dangerous upon that coaft; if 
the entrance can be defended againft a ftrong 
fleet, by means of forts, caftles, or batteries 
built on each fideoif it: and laftly, whether 
the {hips riding in the road and harbour, are 
fafe againfl a bombardment. 

Secondly, whether the chief or {n-incipa! 

materials for. building the fortification and 

the town, are to be had near the place, or 

thereabouts; fuch as ftone, timber, Ume, &c. 

O or 
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or if not, whether they can be brought 
by water, otherwifc the conftriiftiwi of foch 
a place would be attended with an immenfe 
expence; whether the country round about 
is plentiful in thofe things which are necefla- 
ry for the fuftenance of Inen and cattle; for 
Qiould it be barren, the bringing thefe nc- 
ceflaries from diftant countries, might be at- 
tended with great difhculties, efpecially in 
time of war, when an enemy might intercept 
them, and thereby reduce the place by fa- 
mine; whether the air is good and the fitua-. 
tion wbolefome in all refpedts, and good wa- 
ter to be found near or thereabouts; for if it 
fliould be unwholefome, people would not 
care to fettle there, and thofe that would ven- 
ture,' would neither increafe or aft with that 
Jpirit and cheariulnefs required for the in«- 
proTCment of new fettlements; and as to 
good water, it is fo neceflary, that it is im- 
poflible to do without it; laftly, it Aiould 
be conlidered n^ether the country round 
about it produces llich commodities as ate 
fit for trade ; how it may be improved, and 
where it may be tranfportcd to, either for 
fiile or cxdiange, for fomc others which 
may turn to accoum cither at home or 
abroad. 

AH 
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All theie things being well CDniidere4» tO'^ 
gether with the nature of the ground, the 
jjlan of the place mtlft be made jtccordinglyj 
in which the coniVrudiiaa of the works ought 
neither to be excdHve ia the c^pence fiar 
building of them, nor yet ib fmall as not fuf- 
iiciently to (lefend thd place, but fuch as the 
importance of the pl^ce requires, and the H- 
tuation admits of. As there ^re £c^ £tua- 
tions which have all the advantages which 
could be defired, care mufl be taj^en to pitch 
upon iuch as have moA of them, and where 
the rcA may be fupplied p^rt^r by art. 

The mod favourable iituations for builds 
ing maritime towns are near the mouth Gt 
entrance oi a navigable river, elpecially when 
^ is free from rocks and lands, and is of eaiy 
accefs for fhipping. In Jfjuch iituati<]ns, the 
harbour jnay be made on the oppoiife iide 
of the place, in refped to the fea, a^ at OJ^ 
tend, and iome other places. 

If the river is large, the place may be built 
at ibme difiance from ^ fea, as Antwerp i 
and then is no occafion for a particular har* 
boor, the river itielf being fufficient i the only 
thing to bfc obfervcd 'Uj that there may Ik 
fome placej where fhips may be iafe in flormy 
weatheti a hill or rifing ground near the ri- 
O2 vcr. 
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ver, which ihelters it from the moft dange- 
rous winds, will be very advantageous for 
that .parpofe.- . 

Thcfe fituations near large navigable rivers 
not too far from the fea, are the moft advan- 
tageous that can be found ; for they have all 
the advantages of a fea-port town, and are not 
liable to be attacked \)y an enemy's fleet, and 
are abfolutely 'free from bombardment, ex- 
cepting by land, fmce a few forts built in 
the turnings of a river will be fufficient to 
prevent any attempt that , way ; befides, the 
• merchandife brought by water may be car- 
ricd into the country to foreign markets with 
little trouble, and no great expence. 

As the greateft wealth of a country de- 
pends on trafHck 'by fca, fo there is nothing 
of fo great confequence.as the well prote(3:- 
ing it, by building proper harbours to con- 
tain ihips in fafety, and to make them fo that 
they may be defended againft the force or 
flratagem of an enemy: proper landing-places 
.fhould not be omitted, nor good magazines 
and convenient ilore-honfes to lodge the 
"goods ih,- and in general, every thing (hould 
be thought of that any ways may contribute 
to eafy conveyances, and the proper difpof- 
ing of them. But as nature is fo various in 
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its operations, that it is impoffible to forefee 
all, the different circumftances which may 
happen, fo it is likewife impoffible to de-_ 
fcribethem, and confequqntly the choice of 
a proper fituation, and the manner of (pon-- 
ftru^ting fuch a place, acQording to its imports, 
, .ance, muft be referred to the fagacity of the 
engineer employed in the undertaking, wh(> > 
certainly can have no larger field to difplay 
his knowledge, than on fuph.QQCa^ons. 

Of C I T A D E L fi. 

In a countiy newly conquered, or one of 
a long ftanding, where the inhabitants are 
fufpefted of being difaffefted to the govern- 
ment, citadels are built to keep them in awe, 
and prevent all attempts they may make to 
Ihake off their dependency j as like wile to 
fecure the garrifon from their treachery, 
which they might be willing to undertake 
againil them. 

II happens likewife ibmetimes, that when 
A town is large and wealthy, and has little 
or ho fortification, a citadel is built to fecure 
it againft an enemy, when it would be too 
cxpenfive to fortify the town itfelf j and to 
ferve for a place of fecurity, to carry m the 
l>eft efft&A of the inhabitants in time of dan- ' 

• ' O 3 ger. 
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ger, whfcn the approach of an enemy is ap* 
prchended. 

There are many fuch places in iJfafyt 
which are large and wealthy, the fovereigns 
of Which not being jn a condition to fortify 
them, build citadels or caftles to fave ex^ 
pences ; as likewifc to ^ave large gatrifons to 
jguat-d and defend them. 

In reg*d to the fituation of a citadel, if the 
town lies in ah Open country, it ought to be 
built on the higheft part of tibe ground, in or- 
der to comtaand all Ac parts of the town, if 
pofiiblci if the town lies near a navigable rir 
Ter or lake, it fhould be placed near the en- 
trance, to prevent the approach of an enemy 
with fhips; and if the place is a fea-port» the 
citadel ibould be placed near the harbour> fci 
fi8 to command it from one iend to the'otberj 
that it may proted: the fliips lyiilg in itj and 
fecure the place againft any bombardment. 

Another confideration fhould be had in. 
placing citadels, with Tt{pc&. to ^ town ; 
which is, that the priitcipal Attets of the 
tnd lie open to the 
cmlef to fire od them^ 
that might rilb and 
of fedition; as like^ 
sproach of sfi enemy 
is taken, 

An 
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An open fpacc, of fofoe hundred yards 
broad, fliould be left between the works of 
the citadel and the town, called an 'B/ph" 
nadei which ferveg chiefly to draw up the 
troops or garrifon, to mufter and exercife 
them there ; as likewife tp prevent any hid- 
den approach that might be carried on from 
the town againll the citadel. 

The figure of a (:it{idel may be either a 
fquare, pentagon, or exagon { but the pen- 
tagon is mqft proper, and g€n|r«lly uiedj 
the'exagoh being rather too big for th»t pur-* 
pofe, as requiring too great an expe^ice jn the 
building, in proportion to its. itle, or the ad- 
vantage arifing from itj and the fquare is 
thought t»o inconfidf mte ^r m^iftg % f^iffi- 
cient defence. 

When a citadel is to be built, either to an 
dd place already fortified, or to ;| iiew one, 
its plan is to be traced by it^If on a piece 9f 
paper, and upon the iame fcale ^ that of the 
. town i then the paper ifi cut of on that fide 
which ifi to be next to the town,- quite clof^ 
to the edge of the works, and is laid on tbeA 
of the town in fuch a manner, that the ditches 
and works of ^e fortification are well flank- 
ed and enfiladed by the works ^ the cit&del ; 
and whea it is placed accerding to its prefer 
4 fitna- 
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iituation, it is pricked off, and drawn upoi^ 
the fame paper as that of the place. 

It happens fometimes that there is a hill, 
or riling ground, within the fortification of 
the place, on which the citadel is built ; fuch 
iituations may-ferve to keep the inhabitants 
in awe, if it is provided with neceflaries, that 
the garrifon may defend themfelves, till fuch 
time that a relief may he fent ; hut they arc 
of no manner of ufe againft an enemy, who 
after being in poffeffion of the town, may eafily 
reduce the garrifon in thq citadel by famine. 

The exterior fides of the citadel are ge- 
nerally about 150 toifes; but they may be 
more or lefs, as ocoafion requires. Particu- 
' lar care muil be taken, to fortify the citadel 
ftronger than the town, otherwifc the eqe- 
my might attack it firft, and by the help of 
which reduce the town j it muft ah'o he ob- 
served, to make the parts where the citadel 
joins the town fufficiently ftrong, otherwife 
the town and citadel might be attacked to- 
gether. Moft citadels that I have feen are 
defedtive in that refpeft, as we fhall fiiew 
hereafter, 

-There are generally two gates made to a 
citadel, the one for a communication with 
thic town, aqd the other with the countryj 

the 
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^nrll ferves for the garrifon to retire ipto, 

fe of a iedition, or after the town has 

ulatcd, an4 the other to receive fuccour, 

: X the town is taken, or the citadel is 

.ked up by the inhabitants. 

The citadel takes up generally two fides 

" le fortification, and ought to be placed 

.ch a manner, that the ditcli of the place 

cither be defended by the feces of the 

ons, or by thofe of the ravelins, in as di- 

a manner as poflible; olherwife the enc- 

lay attack the town in that place, as be- 

weakeftj'as likewife becaufe the fame 

y^ks may ferve to reduce both together. 

^^ Gov,ert-way of the citadel ought to be 

^iterrupted, fo that the part next to the 

]f-n may have a free communication with 

'J.other. 

^n general, a citadel ihould he conftrudted 
'^ch a manner, that an enemy may have 
":^ adrantage where-evcr they niake their 
Hcks; and that, if the citadel is attacked 
j^, it may coft them as much time and 
juble, as the attacking the town firft, and 
k citadel aftw"wards. 

.rrhere are few cimdels, that, in my opi- 
itjn, are rightly joined to towns"; the de- 
fence of the ditch is -generally fo oblique 

and 
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and infigDtficant, that it appears ftnnge tficf 
are not attacked there; thst of LUie is ooe 
PI.XXX. of this kind. For thd ravelin A cannot de- 
fend the oppofite ditch in the leaft tziaiuier« 
nor is there any other wptk that can , lb that 
if the town was attacked in that place, the 
befiegers would meet with very little obftaclo 
in the paflage over this ditch; neithef does 
the baftioa B defend the oppofite ditch, 
which can be done only by the opposite co- 
, vert-way, from which the troops mfiy eafilj 
be driven by the ricochet foattcries» 

This plan is. as die citadd had been built 
at firfl, but at pref^nt the fecond ditch and 
covert-way towaiis the town have been taken 
sway, and new countergoards hive been built 
before all the baftions; and rettenchmenti 
have been made in the £ices of theft coun« 
terguarda; whith is. a pra^tce the French 
follow in all the counterguar^ and teaa3- 
Itm^ whether tonftrudsd dread/* o^ wbe^ 
they make new ones. ^ 

. Pf JCXXI. The citadel pf Tottntty it anodiorinfbttCe 
of this kind; for neither the larelin A, nor 
the baftion B, can afford any tolerable de» 
ibnce to the o[^0te ditches $ and as they 
are both dry, they are liable to ferve an cnt- 
my for making their trenches in them under 
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del ; by which all the great works about the 
reft of" the town would not be of the leaft u/e. 

Before we finilh this fubjcd, it will per-.- 
haps not be improper to fay foqacthing farther 
of citadels in general. When they are bcilt 
with an intention to keep the inhabitants, who 
are difafledted to the gpverntpent, in awe, 
mcthinks they need not be fortified &t ftrong-r 
ly as is cuftomary j for if the garrjfon can only 
hold out till fuch time that fuccour may foe 
fcnt, it would be futficient : for which reafon, 
if the town is fortified, by cutting off two baf- 
tions only, with foqie good retrenchment j 
jt would anfwer the ends propofed ■ as well, 
as the adding another fortification of fo great 
expence, as is moft copimqnly pradifed : 
and as thefe fupernujnerqry fortifications add 
but very little ftrength to the place in pro-r 
portion to the ?xpence, it appea.rs to me, fh^t 
if a part of that expence were employed in ad- 
ding more works to the town itfelf, it \youId 
be of more advantage. 

The little defence made in the late war, by 
the citadels of Lilk and Tournt^y Ihould, one 
would think, cure a prince of making thefe 
forts of works fo expenfivej but there, feems 
to be a neceffity of following the faflilon in 
fortification as well as in drefs, to avoid appear- 
ing ridiculous. 

It 
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It may be faid^ that the want of a good 
^arrifon, ammunition, and other neceflaries, 
was the ocCafion of the fiiort defences thefe 
two citadels made : it may probably be, that 
they were obliged to furrender fomewhat fooner ■ ■ 

on this accoi^nt. But if a large town is able 
to ifiake as long a defence as there is any am- 
munition and troops to defend it; there feenis 
to be not the ieaft occafwn for any more works, 
which can but little increafe the ftrength of 
the place. 

Befides, it is manifeft, by what has been 
faid before, that a fmall place ever fo well for- 
tified, and provided accordingly, can never 
make the defence, which a larger may do with , 
leis works in proportion. 

Of Forts and Redoubts. 
Forts are a kind of fmall fortifications, Plate 
built in order to guard fome pafles, in a moon- 
tainous country, or near caufeways, rivers, 
and other fuch like places. Their figure and 
bigneis are various, and depend chiefly on 
the nature of the fituation, and importance of 
the place : fometimes they are only made 
triangular, as in the firft figure, with half Rg- 1. 
baftions -, but this fort is very imperfedt, be- 
caufe the feces are not feen or defended from 

any 
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any other part. If inftead of being fernii-a 
nated at the angle, they were directed to a 
point within about 20 toifes from it, the; 
would be much better, as being then defend- 
ed by that length of the rampart, though very 
obliquely. There Ihoutd be a ditch of 8 oc 10 
tpifes about this fort; although we have not 
marked it in this figure. 
¥}g. 3. Sometimes they are made as in the fecond 

figure, that is, triangular, as before, but in- 
flead of making half bailions at the angles, 
whole ones are placed in the middle of the 
fides. The gorges of thefe baftions may 
be from so to 24 toifes, when the fides are 
fivm lOp to 120} the flanks are perpen- 
dicular to the fides from 10 to la toi&e 
long, and the capitals from 20 to 24 : if the 
fides happen to be more or lefs, the parts of 
the bailions are Ukewife made . more or lefs 
in proportion ; the ditch roujid this fort may 
be JO or 12 toifes wide. 

The ramparts 'and parapets of thefe forts 
of works are commonly made of tuif, and 
the outfide of the parapet frai^ ; thai is, a 
-row of paliiades are placed in about the 
middle of the 0ope, in an horizontal manf 
-ner, the points dedinlng rather a Httlc down^ 
wards, that the grenades or fire-works throwo 
upon 
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upon them, may roll down into the ditch : 
and if the ditch is dry, a row of palifade? 
ihould likewife be placed in the middle of it, 
to prevent' the enemy from paffing over it 
unperceived, and to fecure the fort from any 
iiirprife. 

Forts are moft commonly made fquare, as Fig. 3, 
in the third figure ; at leaft-, when the pa(s 
they are to guard is of any confequence, or 
the place may eafily be approached ; the fides 
of this fquare are loo toifes, the perpendi- 
cular 10, and the faces 25; the ditch about 
this fort may be from 10 to 12 tpifes; the 
parapet is to be made of turf> and fraifed, and 
the ditch palifaded when dry. There may be. 
made a covert-way about this fort, or elfe a 
row of pali&des might be placed on the out- 
fide of the ditch. 

Th^ are often made of various figures, 
regular or irregular, fometimes in the form 
of a &mi-cifcle, efpeciaHy when they are fi- 
toated near a river, fea, or at l^e entrance of 
a harbour; by which figure, they are able 
to fire at the fhips on all fides of it j at others 
mth a long fide, and feveral fmaH ones with- 
ctA any baftions ; this fhould however not be 
done, but when they cannot be approached, 
irithout much time and difficulty : for it is 

not 
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not fuppofcd. that any fort can hold out long 
agajnft a fuperior force provided with artillery 3 
their intent is only to prevent parties of an 
enemy \o pafs that way, and to ftop them for 
fome time till they may be fuccouredi 

' When a fort is. to be tuilt in .the neck of 
land, formed by the confluence of two riversy 
or in the windings of a river, in order to pre- 
vent an enemy from tranfporting any thing 
by water, or to prevent the pafling of their 
ftiips that way ; the figure of the fort muft be 
adapted to the fituation, in fuch a manned, 
that there may be no place for landing troops* 
but what can be difcovered by the fire o^ 
fome work or other^ and the fide next to the 
■> ^ land Ihould always be better fortified than the 
other parts near the river j as being more liable 
to be attacked. 
Fig. 4. The fourth figure reprefents fuch a fort j 

three fides of which are 100 toifes each*- 
and the fourth but 50^ as fuppofing the 
ground to be narrow in thatplace j the per* 
pendiculars to the greatefi: fides ar« 14, atnd 
the /aces 30 ; the perpendicular to ^hc otheF 
lo, and the feces 15 : the capitals of the ra- 
velins 25 ; the great ditch 12; that before 
the ravelin 8, and the covert- way 4 or 5.. 
T he narrow front towards the land is cQvefe4 
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by a horn-work, whofe front is at the 
diflance of 36 toifes from that of the fort, 
and 90 long, the perpendicular 12, faces 25, 
and the branches lo toifes bro^d at their 
extremities ; the capital of the ravelin before 
this work is 22 toifes, the ditch before the 
horn-wort 8, and that before tlie ravelin 
6 or y. 

We fiiall add another example of this kind, 
fuch as is reprefented by the fifth figure : 
^e land is fuppofed to open gradually; for 
which reafon ^ fides are 100 toifes each, 
and the fourth 160; the perpendiculars to 
jhe fliorteft 12, and the faces 30; that to 
jhe greatefl: 20» and the faces 45 ; the ditch 
before the three ihort fides is 12, and 18 
Jieforj; the ' greateft. The capital of the 
ravelin is 4(5 toifes, its ditch to; tjie faces 
of tJw lunettes are at rigjjt angles to thofe 
of the ravelin, and fall within i6 toifes from 
the faliant angle; thefe faces are 25 toifes 
long, ai>d .the others ate perpendicular to 
thofe of the baftions ; the narrow part of the 
.bonnet is ip tojfes, and the faces are per- 
pendicijlar to thpfe of the lunettes,. or parallel 
to thofe of tlie ravelin ; the ditches befJDre 
tholanettes andb^npetsre 8 (oifes,and the 

P There 
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There are generally great faults committed 
in the conftru<Stions of forts near the fea, of 
navigable rivers, for vi^ant of rightly con- 
fidering all the different circumftances at- 
tending thefe forts of workt;, and without 
which it is impoffible that a work will ever 
anfwer the intents and piirpofes for which 
it, was built. For inftance, if a battery of 
fort, built near the water where IhipS may 
approach, has its parapet not of a fufficient 
height J thofe behind them may be fired 
Upon, from the round-top of the maft, by 
which the gunners are obliged to. abandon 
their guns* to fave themfelves by flight; 
and fo thefe forts or batteries become of little 
Drno ufe. 

This was the cafe at Poriobello, when at- 
tacked by Admiral Vernon ; for the forts and 
batreries, which were defigned to defend the 
harbour, had been made fo low, that the fhips 
could come quite clofc to them, and the 
troops in them were foon obliged to take to 
their heels and run away. 

"' e isgenSrally another fault commit- 
ich is, that if thefe forts or batteries 
apen behind, or are very little fortified 
the land, the enemy may land men 
iark and furprife them, by which tht 
4 g»n» 
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guns placed in them become not only ufelefs 
to the place; but fervc rather to deftroy it. 

At Carthagena the Spaniards had a ftfcinc 
battery on the other iide of the entrance into 
the harbour» oppofite to the camp, by which 
they prevented fhips from going in; failors 
werefent to take It, which was foon per- 
formed,; but being fatisfied with driving only 
the Spaniards from it, they were obliged to ' 
take it a fecond time to nail up the guns. •" 

The fame thing happeiied laft war at Cape 
Breton, where the French had a battery of 15 
large pieces ef cannon ; which the Englijh 
furprifcd in the dark, and turned the cannon 
againft the place, whereby they became foon 
mafters of it. This fort was quite open 
behind, which being furprifcd by the failors 
in the night, as we faid, turned the cannon 
againft the town and took it. ■ Whereas if this 
battery had been fecured in a proper manner, 
we might perhaps not have been able to take 
it, or at leaft it would have lengthened the 
fiege confiderably. Many examples might 
be cited of this kind, to Ihew, that the want 
of judgment in building theie forts .has 
proved a detriment, inftead of an advantage, 
to the places \vhich they ihould have de- 
fended. 

P2 To 
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To prevent the ioconveniency of being 
f^en behind the parapet, it will be neceflaiy 
to make tbem 9 or i o feet high, and to cover 
the batteries overhead, which may be done, ■ 
by malyng an arch over every piece, left opea 
b<;hind to let out the ihioak; but if th» 
(hould be thought too expensive, they migfet 
be covered with planks, like iheds; and to 
prevent th^ wood being fet a-fire, they may 
be covered with earth or dung about a fco| 
fi^i a half thick : for if it is b«t llrpng enough * 
to refift mufket-fhot it it fuificient. 

And to prevent a fort or battery being fur^ 
prifed, they ihould be fortified all round with 
gi good rampart and ditch at leaft, or wkh an 
addition of outworks, if the place is of any 
importance; the rampart muft be fraife^ 
■with paliiades, if it is made with tuif, and 
the ditch fljould have a row of palifades, 
planted in the middle of it, in cafe it is dry j 
which will prevent an enemy approaching 
unperceived. 

It ha$ been the cuftom, in latter times, 
for fliips to approach forts and deftroy th«n 
without any concern, as knowing too wcH 
the little danger they cxpofe themfelves tO| 
and this has -been occafio^d by their bi^ 
fonftruaioni where^, if they werp made 

!)s 
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ti they ftiould be, it would not be impoffible 
to fink ^very ihip that fhould dare venture 
to come near them. Tlie reafon of this is 
plain, if we confider the uncertainty there is 
to fire from a ihip which is in 1 continual 
motion, and that a battery, covered with a 
good parapet, may watch the opportunity, 
when the Ihip comes near and oppofite to it, 
and fire all the guns at once, pointing nearly 
at the fame place' a little above the water, 
which will hardly fail of deftroying it^ 

On the contrary, if the guns of the (hip 
hit the battery by chance, they can do it but 
little or no damage, when the parapet is_weU 
made. 

There are fome who are of opinion, that 
fliips will always be able to deftroy a fort, 
op account that they have more guns within 
-a lefs compafs than any battery on land can 
have J and if the contrary happens, it is more 
owing to the cowardice of the commander, 
than to any thing , elfe : but this, is a wrong 
notion, as we (hail make appear. For fup- 
pofe a firft rate man of war, which has three 
.decks, and therefore may have perhaps four, 
five, or fix guns to one ; the chance of hitting 
the battery, on account of the fhip's motion, 
' is not above three to one ; and when the fhot 
F 3 ftrikes. 
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ftrikcs the parapet, it can do it but very little 
damage, excepting it fhould hit a gun by 
chance* which it would diTmount; but this 
is not {o eafily done, confidering the fizull- 
nefs of the gun with regard to their intervals; 
' it is certain not one gun in 30 will hit; 
- whereas the battery may watch tJic opportu- 
nity, ib as when the Ihip comes near and 
opposite, to make a general difcfaarge with 
all the guns, where there will be not one 
that milTes, and every ihot will make its hole 
into the fhip, and deflroy all thbgs that are 
in its way. From whence it may be con- 
cluded with juftice, that Aips are never able 
to deftroy any fort, when it is conftrufted 
in the manner it fhould be. 

If the nature of the ground is fo as to 
admit of making two batteries, one above 
the" other, it Ihould not be negledrd; the 
one nearly a level with the furface of the 
water, to iire in a horizontal direction, and 
the other to plunge into the ihips; fo that 
if the troops are placed on the lower, being 
well protefted in the front by a high parapet^ 
and covered above with arches or planks^ 
it will not be In the power of ihips to deAroy 
them, as has been done heretofore. 

If 
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If there are any flats of iand, or rocks, near 
or within the entrance of a harbour, it will 
be very proper to buHd Ibme tower or fort 
there of feveral ftories well arched, fo as to 
be bomb proof, in order to place feveral ranges 
of guns in them; but as the fmoak might be 
troublefome in the lower ftories, J would 
make it open in the middle, that is, I would 
make two concentric walls, fo that the arches 
of the roofs of the lower ftories might be 
quite open behind j and in cafe the enemy 
(hould throw Ihells, and hit the upper battery, 
it might be fo contrived, that the ftiells may 
roll down the opening in the middle without 
doing any damage. 

Fort 5/. Louis, in the road before the har- 
bour of Toulon, is fuch a work, of a round 
form, built upon a rock within the water; 
and the towers called Egiilette and Vignette, 
are places of the fame nature in a fquare form, 
built upon the necks of land oq both fides of 
the mouth of the road. 

It is the cuftom of fome modern engineers, 
when they build any fort or battery near the, 
fea or navigable rivers, to make a parapet of 
. three feet high only, in order to fire the guns 
en barbcti the r^on they give for this prac- 
tice is, that they may point the gun$ lyhich 
P4 way 
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way they pleafe, either down the river, to 
prevent the Ihips from approaching, deftroy 
them when they are oppofite, or firing after 
them in cafe they ihould pals. However 
fpecious thefe reafons appear at .firft, yet 
when it is rightly confidered, it will be found 
that this praftice is not fo advantageous as 
they imagine. For if they fire at the fliips 
when they are yet far off, they can do theiH 
but very little damage; and the advantage 
gained thereby will not by fer be equivalent 
to the danger they will themfelves be ex- 
pofed to, when the fhips come nearj fince 
one broad fide, together with the fire of the 
fmall arms, will be fufficient to kill or dis- 
able all thofe which are on the battery. On 
the contrary, if the batteries are well covered 
in the front by a good parapet, and above by 
planks, or only fail-cloth, and made in fuch 
a manner, as that fome guns may be directed 
down the river, and others upwards; this 
battery will iiave all the advantage whicli 
they tan pretend to gain by their prai5lice, 
and none of its difad vantages. 

Another method is alfo ufed in forts, 

much more defcdive than this, which is, 

to build the parapets of brick or ilone only, 

without any earth behind it; for as foon as 

« the 
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the-fhips coiile once within reach of the fort 
or batterifti, they may eafily deftroy this para- 
pet, and the pieces of ftones or bricks will 
be more darlgerous to the defenders than 
the enemies (hot itfelf. And it has been found 
by experience, that nothing difheartens troops 
placed behind a wall fo much as the pieces 
of ftone flying about their ears, and therefore 
fuch a prai5licc ihould be avoided as much as 
pofliblej befides, the adding 10 or 12 feet of 
earth only *o the wall will be but a trifling 
expence, and yet fufficient to proteft the troops 
from this danger. 

Having explained the methods of the moft 
celebrated authors, and carefully examined 
their conilruitions, to the beft of our judg- 
ment, without the leaft partiality, we hope to 
have done all that is neceflary to compleat the 
elementary part of fortification j which being 
well underftood, will, I hope, be fuflicient 
for underftanding the fubjeft. And to leave 
nothing that might any ways contribute to 
the reader's fatisfadion, we fliall fubjoin the 
following Explanation of the principal terms 
ufed in fortificationj by way of a Diftionary, to 
which recourfe may be had, when there is any 
occaGon for it. 

An 



.■i>, Google 



aiS THE ELEMENTS 

An Explanation of the principal ter/ns 
ufed in Fortification^ digefted in an 
alphabetical manner » 



ANG LB of the center of a polygoo, 
"*^ is formed by two radii drawn to the ex- 
tremities of the fame iide. 

Angle of the polygon, is made by the con- 
courfe of two adjacent fides of a polygon. 

Angle of the flank, is made by the curtail) 
and the flank. 

Angle of the flioulder, is made by the face 
and flank of the baftion. 

Approaches, are a kind of roads or paflages 
funk in the ground by the befiegers, whereby 
they approach the place under cover of the fire 
from the garrifon. 

Arrow, is a work placed at the faliant an- 
gles of the glacis, and confifts of two parapets, 
each 40 toilies long ; this work has a commu- 
pication with the covert- way of about 24 or 30 
feet broad, called caponier, and a ditch More 
it of 5 or 6 toifes. 

Ajaulty is a fudden and violent attack, made 
uncovered, on the part of the rampart wh^rc 
» breach has been made, 
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\Aitack, is the manner and difpofition made 
by an army or a great party, to drive an enemy ' 

out of a fortified place, or of any' kind of ilrong 
fituation. 

B. 

Barbet ; when the parapet of a work is but 
three feet high, or the breaft-work of a battery 
is only that height that the guns ii^ay fire over 
it without being obliged to make embrafureSj 
it is faid that the guns fire in barbet. 

Bajiion, is a part of the inner inclofure of a 
fortification, n^aking an angle towards the 
field, and confifts of two faces, two flanks, and 
an 'opening towards the center of the place 
called the gorge. 

A baftion is faid to be full, when the level ' 
ground within is even with the rampart, that 
is, when the infide is quite level, the parapet 
being only more. elevated than the reft. 

And a baftion is faid to be empty, when 
the level ground within is much lower than 
the rampart, or that part next to the parapet, 
where, the troops are placed to defend the 
baftion. 

Banquette, is a kind of ftep made on the 

ratnpart of a work near the parapet, for the 

troops to ftand upon in order to fire over the 

parapet ; 
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parapet j it is generally three feet high, and 
as many broad, and 4i feet lower than the pa' 
lapet. 

Battery t is a work made to place guns of 
mortars on it j it confifts of an epaulcment or 
breaft-work of about 8 feet high, and i8 or 
io thick : when it is made for guns, openings 
or embrafures are made in it, for the guns to 
fire through them. 

Berm, is a little fpace or path of 6 or 8 feet 
broad, between the ditch and the parapet, 
when it is only made of turf, to prevent the 
earth from rolling into the ditch, and ferves 
Lkewife to pafs and repafs. 

Blind, is two flicks iaftcned together by two 
fpars of aboat 4 feet afunder j they ferve to 
cover the faps, or to keep up the earth on the 
fide,*, by placing fafcines behind them. 

Blockade, is the encompaffin^ a fortified 
place with an army, fo that it muft either be- 
ftarved or furrender. 

Body of the place ; although the buildings 
in a fortified place are properly faid to be the 
body of the place, yet the inclofure round them 
is generally undeiftood by it : for it is faid, to 
conftruS the body of the pkce, which means 
no more than to fortify or inclofe the place 
with balUona and curtains. 

Bomhst 
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Bomis^ is the naine of the ihips which carry 
mortars. 

Bombardment, is when a great number of 
fhclls are thrown into a place; to ruin and dc-. 
ftroy the buildings. 

Bonnety isiUortof work placed before the 
ialiant angle of the ravelin to cover it. 

Barracks, are thofc piles of biuldings made 
on purpofe to lodge the foldiers in them.^ 

Breach, is an opening made in a wall or 
rampart, with cannon or mines, fufficiently 
wide for a body of troops to enter the works, 
and drive the befieged out of. it. 



Capital of a work is an imaginary lino 
which divides that work into two equd arid 
limilar parts. 

Capitulation, Is the agreement made by thp 
befieged with the -beficgers, on vhat common* 
the place is to furrender. 

Camp, is the fpot of ground occupied by an 
army for a night or jnore, arid where they. 
pitch their tents. 

Caponier, is » paffage made from one worfe, 
to another, of i o or 12 feet wide, covered oq 
each fide by a parapet, terminating in a Hope 
or glacis. 

Thui 
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Thus when the ditch is dry, the paflage 
from the curtain to the ravelin, or that from 
the covert-way to the arrows or detached re- 
doubts, are called caponiers. 

There are often fingle parapets raifed at. 
the entrance of the ditch, before the ravelin, 
to place fmall cannons and men behind them» 
to difpute the paflage over that ditch, which 
axe likewife called caponiers. 

Cavalier, is a work raifed generally with- 
in the body of the place, ten or twelve feet 
higher than the reft of the works. Their 
moft common fituation is within the baftion, 
and made much in the fame form j fome- 
times they are alfo placed in their gorges, or 
CO die middle of the curtain ; they are then 
made in the form of a horfe-lhoe, only fome- 
what flatter. 

The ufe of cavaliers is to command all the 
adjacent works and country about it j they arc 
feldom or never made but when there is a hill 
cr riling ground which overlooks fome of the 
works. 

Cafe'mati is a work made under the ram- 
part, like a cellar or cave, with loop-holes, to 
place guns in it. 

Cbamade ; when the governor of a place 
befieged wants to capitulate, then the drums 

beat 
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teat on the rampart next the attack> which U 
called chamade. 

Cbevaux de Prize, are large joifts or beams 
ftuck full of wooden pins armed with iron, to 
flop breaches, or to fecure the palTages of a 
camp againft the enemy's cavalry. 

Csvert'-way, is a fpace five or fix toifes 
broad, going quite round the works of a for- 
tification, and is adjoining to the counterfcarp 
of the ditches, covered by a parapet 7 I feet 
high, terhiinating in an eafy Hope towards the, 
field, at a diftance of 20 toifes. ' 

Center of the bajiiont is the point withia 
where the two adjacent curtains produced in- 
terfeft each other. 

Citadel, is a kind of fort or fmall fortifica- 
tion of four, five, or fix fides, joined to towns, 
when the inhabitants are fufpeded to be dlfaf- 
fefted to the government. 

Command; when a hill or rifing ground over- 
looks any work of a fortification, and is within 
the reach of cannon-£hot; this hill is faid to 
command that work. 

Chamber, is that place of a mine where the 
powder is lodged. 

Countermines, are the mines made withia 
the fortification, either at the fame time the 
place is fortified, or afterwards in the time of 
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Coufiterfcarpt is the outfide of a ditch, 
oppofite to the parapet of the work behind 
the ditch: it is often faid* that the. beEegers 
have carried their lodgments upon the coon- 
ter&arp ; which means, they are lodged on die 
covert-way. 

Cmnterguardf is a work placed before the 
baftionfi to cover the oppofite flanks from 
Ijeing fcen from the covert-way : they are 
likewife made before the ravelins. 

When they are placed before the baftions, 
they are cftcemed to be of a very good de- 
fence. 

Crown-wori, is a kind of work not unlike 
a crown ; it has two fronts and two branches; 
the fronts are compofed of two half b^ftions 
and one whc»le one j they are made before the 
curtain or the baftion, and generally ferve 
to inclofe fome buildings which cannot be 
brought within the 'body of the place, or to 
coyer the town-gates, or dfe to occupy a fpot 
of ground which might be advantageous to an 
enemy. 

Cordoij, \t a round projeftion made orAone, 
in a femi-circular form, whofe ' diameter is 
about S inches, which reigns quite round 
the wall, wUhin fpyir, feet from the upper 
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Curfain, is the part of the body of the 
place, which joins the flank of one baftion 
to that of the next. 

Quvdttet or rather CunetUt is a fmall ditch 
of lo or 12 feet broad, made in the middle 
of a large dry ditch, ferving as a retrench- 
ment to defend the ditch, or elfe to let wa- * 
ter in it, when it can be had in the time of 
a iiege. ■ 

Gounie forU^ or ButtreJJei, are folids of 
mafbnry, built behind walls, and joined to 
them, at i8 feet diflance from center to 
center, in order to ftrengthen it, efpeclally 
when it fuftains a rampart or terras. 

Communication y is a paflage from one work 
to another, covered by a parapet on each 0de. ' 
See Caponiers. 

D. 

iiecagorif is a polygon or fortiHcatioA 
teti fides. 

Dem-lunet or RaveUxt is a work placed 
before the curtain to cover it, and prevent 
the flanks from being difcovered fideways; 
it is made of two &ce8 meeting in an out- 
ward angle. 

Detached Bajiionf is than which is Jepa- 

rated from the reft of the body of the plac^ 

Q^ and 
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and is made in the fame manner as tbo^ 
which arc joined to the body. . Counter- 
guards with flanks are alfo called detached 
baftions, as in M. Vauban's lecond and third 
methods. 

Detached redoubts is a work made at fome 
diftance from the covert-way, , much in the 
fame manner as a ravelin with flanks. - 

Ditcb, is a large deep trench made round 
each work, and the earth dug out of it, ferves , 
to raife the rampart and parapet. 

DoJecagotit is a figure or fortifi,cation of 
twelve fides. 



E. 



EfcarPi is properly any thic^, high and 
ftcep, and is ufed in fortifiAtion to exprels 
the outfide of the rampart of any work next 
to the ditch, as being high and fteep. 

Embrafurest ai"e openings made in the 
flanks of a fortificaticm, or in the beeaft work 
of a battery, of about 2| feet within, 8 or 
9 without, and three from ihe bottom, for d» 
guns to enter partly, and to fire tl^rough. 

'Enfilade, ■ a work is faid to be en&laded,' 
when. a.'.gun. naaSjr fire iota it>' fa that the 
HioC tnajr.go all ai6ng the infide of the pa* 
rapct. 

Epaule~ 
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Epau/ementt is a kind of breaft-work to 
tover the troops in front, and fomctimes in 
flank. 

In a ficge, the befiegers raifc generally an 
epaulement of 9 or 10 feet high, near the 
entrance of the approaches, to cover the ca- 
valiyj which is placed there to fupport the 
guard of the trenches. 

B^hnadct is an open fpace between the 
citadel and town* to prevent an enetay from 
making approaches under cover, after he is 
tnafter of the place* 

EnneagoHt is a nine-fided figure or fortifi- 
cation. 

Eptagbfit a jfeven-fided onet 

Exagoft, a fix-fided one. 

Exterior jide of a fortification^ is the di- 
ftance or imaginary line drawn from one 
point of the bailion to that of the next. 



Facesi of the bailion, are the two fides 
^hich meet in an angle projecting towards 
the field. 

Facts, of any work, afe thofe parts where 
the rampart is made, making an angle pointi- 
Ing outwards. 

Qjl Fqfcinej 
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Fafcinet a kind of faggot made of brandhes 
tied in two Or more places of about 6 or S 
inches diameter. 

They ferve to keep up the earth in trenches 
as Hkewife in batteries, inflead of ftone or 
brick walls. 

When they are ufcd in raifing batteries, 
they are generally 16 feet longj and are 
then called Saucijfons. 

Faujfe-brayy is a low ramprt going quite 
roun^ the body of the place j their height is 
about 3 feet at moft above the level ground; 
and its parapet is about 4 or 5 toifes diftance 
from that of the body of the place. 

Thcfe works have been entirely rejeded by 
the modern engineers, excepting M. Fauhan, - 
who makes them only before the curtains, 
and then they are called tenaillcs. 

Fiankf in general, is a part of a work, 
which defends another work along the out- 
fide of its parapet. 

Flank of the ba/lton, is the part between 
the face and curtain; the flank of one faaftion 
icrves to defend the ditch before the curtail^ 
and fice of the oppofite baftion. 

FlanA (concave) 13 that which is made in 
an arc of a circle. 

Flan&t 
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Flankt (retired) is that which is ma^e be- 
hind the line, which joins the extremity of 
the fiice and the curtain, towards the capital 
of the baftion. M. Vauban makes his 5 
tcdfes from that line j others (nore or lefs, as 
it happens. 

Flanking, is the fame thing in fortification 
as defending. 

Flank (dire<3: or grafing) is that which is 
perpendicular to the oppofite face produced i 
and oblique or fiihant, when it makes an 
■ acute angle wjtb that fece. 

Flank (fecond) when the iacc of a baftion 
produced, does not meet the curtain at its ex- 
tremity, but in fome other point ; then that 
part of the curtain between that point and 
the flank, is called fecond flank. The mo- 
dern engineers have rejected this way of . forti- 
fying* 

Fort, is a fmall fortification, made in. a 
pafs, near a river, or at fome diftaiice fromi 
a fortified town ; to guard the pafs, or to 
prevent the approach of ihips, or an enemy 
by land. 

Fortification t is a general name for any 
wprk made to oppofe a fmall number of 
troops againfl: a greater. 

FourneaUy is the place of a mine, where 
the powder is lodged, and is the fame thing 
vfi the chamber of i mine. ^o^gafs^ 
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Fougafsf is a fmall mine, from 6 to 8 feet 
under ground; they are generally placecf 
under the glacis or dry ditches. 

Fraife, a kind of ftakes or palifades placed 
horizontally on the outward flope of a ram- 
part made of turf, to prevent the work being 
taken by furprife. 

When an army retrenches itfelf, they often 
fraife the parapets of their retrenchments in 
the parts moft ex^fed to being attacked. 

Fufee, is the piece of wood drove into gre- 
nades or fhells, being hollow, and filled with 
mealed powder, by which the grenade or 
(hell is fired. 

G, 

Gabion, is a cylindric bafket open at both 
ends, of about 3 feet wide, and as much in 
height, they ferve in lieges to carry on the 
approaches under cover, when they com? 
pretty near the fortification. 

Gabion, (ftuft) is made in the fame liianr 
ner as the former, they are only filled with 
all forts of branches and fmall wood, and are 
5 or 6 feet long j they ferve to roll before the 
■vporkmen in the trenches, to cover them, in 
front againill inufltet-fhot. 

Qalkiy* 
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Gallery, is the paffage made under ground 
leading to the mines j they are from 4^ to 
5 feet high, and about 4 feet broad ; the 
earth above is fupported by wgoden frames 
with boards over them. 

Garrifon, a body of troops compofed of 
horfe and foot, placed in a fortification to 
guard it in time of peace, and to defend it 
in time of war in cafe an enemy ihould 
attack It. 

Glacist is that part of a fortifipation be- 
yond the covert-way, to which it ferves as 
a parapet, and terminates towards the field in 
an eafy Hope at about 20 toifes diftance. 

- GorgCt of a baftion, is the iijtcrval between 
the extremity of one flank to thatof the other. 

Gorge, of any work, is that part next to 
the body of the place, where there is no 
rampart or parapet ; that is, at the counter- 
fcarp of the ditch. 

Grenade, is an iron ball of about 3 inches 
diameter hollow within ; which is filled with 
powder, to be thrown by the grenadiers 
amongd: the enemy in an attack, after having 
fet fire to the fufee, that it may burll. 

H. 

Hornwork, is comi>ofed of a front and 
Qj. two- 
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two branches; the front is made into two 
half baftions and a curtain j this work is of 
the nature of a crown-work, only fmaUetj, 
and ferves for the fame purpofes. 

Half- moon i fee Demi-lune. 

HurtOTt is a piece of timber about 6 in- 
ches fquarc, placed before the wheels of a 
carriage, againft the parapet of a battery, to 
prevent the wheels from doing damage to 
tlic parapets, 

I. 

Xnfulty a work is faid to be infulted 
when it is attacked fuddenly and openly, 
■ Jnvcjiing a place, is to furround it with 
troops, fo as to prevent any thing to enter 
the place, or to be carried out of it: it is 
the firft operation of a fiegc. 

Interior fde of a fortifcatkut is the ima- 
ginary line drawn from the center of one ba- 
flion to that of the next, or rather the cur^ 
tain produced to the center of the baftions. 



Line of defence^ is the djftance between 
the faUant angle of the baftion, and the 
oppofite flank; that is, it is the face pro- 
duced to the flank. 

Line 
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Line of cfrcumva/latioTif is the work or re- 
trenchment made about an army which be- 
iieges a place, to fecure itagainft any infult from 
without; it is made of a parapet with a ditch 
before it, and at every 1 20 toifes, or there- 
about, the parapet projefts outwards in an an- 
gle; this projection is called a Redant andferves 
to flank or defend "the other parts. 

Line of coimtervedlation^ is the work made 
by an army which befieges a place between 
their camp and the town, to cover it againft 
any entcrprife of the garrifon ; it is made 
much after the fame manner as the line of 
circumvallation, only in a contrary difpofi- 
tion. 

Lintt is alfo the name of the works made 
by an army from one town or ftrong poft to 
another, behind which it is encamped* to 
guard a part of the country. 

Line of counter-approach ^ is a kind of trench 
made by the garrifon when befieged, going 
from the covert-way in a right line, fo as part 
of the enemy's approaches may be enfiladed 
from thence. 

Lodgment t is the wprk made by the be - 
iiegers in fome parts of a fortification, after 
the befiegers have been drove out, to main- 
tain it. 

Loop' 
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Loop'boUs, are fquare or oblong holes 
made in the wall, co iire through witii 
muikets. 

Lunettes^ are works mjuie on both fides 
of a ravelin ; one of their faces is perpendi- 
cular to half or two thirds of the faces of 
the ravelin* and the oth? r nearly fo to thole of 
the baflions. 

Lunettes^ are alfo works made beyond the 
fecond ditch, oppofite to the places of arms ; 
they diifer from the raveHns oply in their ii- 
tuation. 

M. 

Mantlett is a kind of moving parapet 
made of ftrong planks, about 4 feet long 
and 3 High, moigited upon two wheels, 
with a long pole fixed to it; they ferve to 
cover the tappers in the front againft mulket- 
ihot. 

Mine, is a kind of lodgment made under 
ground to place powder in it, which is fet 
on fire, in prder to blow up the works above 
it } the difference between mines and coun- 
termines is, that the firft are made by the be- 
fiegers, and the latter by the befiegcd. 
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0. 

OStogon, is an eight-fided figure of forti-? 
^cation. 

Ondecagorit an eleven-tided one. 

Orilioii, is a part of the ba*^ion near the 
flioulder, which fer.vcs to cover the retired 
flank from being feen obUquf;ly. 

Orgues, mfiny harquebutfes linked together, 
or divers mulket- barrel? laid in a row, fo that 
theymay be difcharged either all at once or 
fcparatclyj aJfo long and thick pieces of wood * 
with iron plates at the end, hangover a gate, 
^ ftop it up inftpad of a port-cullice. 

P. 

Palifadesy are a kind of ftakes made of 
ftrong fplit wood of about 9 feet long, fixed 
3 feet deep in the ground in rows about 6 • 
inches afunder; they are placed in the co- 
vert-way at 3 feet from, and parallel to the 
parapet or ridge of the glacis, to fepure it 
from being furprifed. 

Parapet, \% a part of the rampart 'of a 
work, of 18 or 20 feet broad, and raifed 
6 or 7 feet above the reft of the rampart; it 
ferves to cover the troops, placed there to 
defend the wprk, ^gainft the fire of the. 
pnemy, Parallels^ 
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Parallehy or places of arms, are deep 
trenches 15 or 18 feet wide, joining the le- 
veral attacks together j they ferve to place the 
guard of the trenches in, to be at hand 
to fupport the workmen when attacked. 
There are generally three in an attack; tiie 
iirft is about 300 toifes from the covert-way, 
the fecond 190, and the third near or on 
the glacis. They were firft invented or ufed 
by M. Vauban. 

Petardt is a kind of a brafs pot fixed 
upon a ftrong fquare plank, which has an 
iron hook to fix it againfl a gate or palifades; 
this pot is filled with powder, which when 
fired, breaks every thing about it, and there- 
by makes an opening for an enemy to enter 
the place. 

Port-cullice, is a falling gate or door like 
a harrow, hung over' the gates of fortified 
places, and let down to keep out the 
enemy. 

Placet is comonly ufed in fortificatkw, 
inftead of a fortified town. 

Place of armsx of the covert-way, is a 
part of it, oppofite to the re-entring angle 
of the counterfcarp, projedting outwards in 
an angle. 

Places of armst in an attack; fee Parallels. 
Pkt^ 
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Fiat'form, is a floor made of ftrong planks, 
Uid upon joiils, on a: battery, to place the 
guns or mortars upon, in order to prevent 
the wheels or mbrtar-bed from finking in the 
ground. 

R. 

Rampart, is an elevation, of earth raifed 
along the faces of any work, of lo or 15 
feet high, to cover the inner part of that 
work againft the fire of an enemy. 

Rams-bernSf are a kind of low work made, 
in the ditch of a circular arcj they were 
invented by M. Belidor, and ferve inftead of 
tenailles. 

Re-entring angky is that which turns its 
point towards the center of the place. 

Ravelin. See Demi-lune, 

Redans. See Line of circumvallation. 

Redoubt, is a kind of work placed bevond 
the glacis, of various forms. 

Redoubt, is alfo the name of a fmall work 
made in a ravelin, of the fame form. 

Redoubt, is likewife a fquare work without 
any baftions, placed at fome diftance from 
a fortification, to guard a pafs, or to prevent 
aa enemy from approaching that way. 

Revete- 
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Revetemmtt is a ftrong wall built on tie 
outlide of the rampart and parapet, to fup- 
port the earth, and prevent its rolling intoi 
die ditch. 

Ricocbet, when guns are loaded with fmaU. 
charges, and are elevated from 10 to 12 de- 
grees, fo as to fire over the parapet, and the 
fliot rolls along the oppofite rampart, it is 
called ricochet firing; and the batteries are 
likewife called ricochet batteries. 



Sa/fy, is when 'a pirty of a garrifon goes 
out privately, and Mh fuddenly on the be- 
fiegers in their trenches, endeavouring to 
drive them out and deftroy their works. 

Saliant angle, is that whofe point turns 
from the center of the place. 

Second ditcby is that which is made oil 
the ontiide of the glacis, when the ground 
id low, and water to be had. 

Second covert-wayi is that which is made 
beyond the fecond ditch. 

Sapt is a trench or an approach madb ' 
under cover of 10 or i2 feet broad, whcii 
the befiegcrs come near the place, and their 
fire grows fo dangerous, -as not to be ap- 
proached uncovered. 

2 SaU* 
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